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EXECUTIVE SUMMARY 
It was the objective of this project to provide a glass cleaner formulation for a wet 
wipe application with cleaning and anti-fogging properties.  This glass cleaner 
formulation was developed for automotive glass i.e. interior of windscreens. 
This formulation relates to a glass cleaner with a composition comprising of: (a) a 
blend of amphoteric surfactants; (b) a solvent system with a combination of glycol 
ethers; and (c) an aqueous solvent system. 
This glass formulation must provide good cleaning properties while also providing 
good wetting and sheeting properties to assist with anti-fogging properties.   
The objectives were obtained using 2 specific approaches: 
The first was by using a blend of 2 amphoteric surfactants in an alkaline medium, 
allowing the glass surface to become more hydrophilic which will also assist with 
reduction of surface tension on the glass surface.  
The second was by using the glycol ethers that have good coupling properties and 
surface tension reducing properties. 
The formulation was evaluated using commercial standard test methods as per the 
industry. A predictive model was successfully obtained for each of the five criteria 
that were evaluated using the 25 formulations derived from the statistical design. 
There were variables and variable interactions that were antagonistic for some of the 
criteria which were found to be synergistic for others. To achieve satisfactory 
cleaning, the fogging rating had to be compromised. 
 
 
Keywords: 
Glass Cleaner, Degreaser, Anti-fogging, Surface Tension, Amphoteric Surfactants, 
Betaine, Glycol Ethers, Cleaning, Smearing, Streaking. 
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CHAPTER 1    
INTRODUCTION 
1.1 Historical Development of the surface cleaning industry 
The first disposable wet wipes that were created in the 1980’s with the initial 
target market being mothers who had the undesirable task of changing dirty 
diapers and needed a more convenient way to gently clean and care for their 
babies’ bottoms.  This large lifestyle change to the use of disposable wipes has 
triggered major developments, and almost 30 categories of wet wipes have been 
identified in the last couple of years. That number continues to expand for 
household and personal market segments. 
When considering the cleaning industry, products have evolved from soaps and 
laundry detergents to hard surface cleaners and subsequently to speciality liquids 
and spray bottle cleaners. 
The sprayer was the first tool/device developed to assist with cleaning, giving the 
user an ability to apply the cleaning chemical to a specific area.  This was the first 
step to the development of many other cleaning devices/tools, one of which was 
the use of non-woven materials with implements.  
The first really successful application of a non-woven wipe as a substrate for 
surface cleaning was a toilet wipe made by Kao’ Quickle in 1989. (1) In Japan, 
traditionally the toilets were cleaned with a liquid cleaner and rag which raised 
hygiene concerns.  A specific requirement was developed for a disposable and 
flushable wipe that would satisfy the hygiene and convenience aspects of this 
application.  
The need was then identified through the entire cleaning market for wipes with 
many different types of applications, from kitchen wipes to all purpose wipes. 
Figure 1 illustrates how the surface cleaner market has evolved over time. 
Users are always looking for better and faster ways to complete a very laborious 
and tedious task. 
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Figure 1 Schematic representation of surface cleaner market over time.(1) 
 
 Wipes can assist by suiting the needs of the user with specialised materials and 
chemistry while eliminating a breeding ground for germs and bacteria. (2) 
1.2 Global markets for dry and wet wipes 
There was a steady growth in the global market for both dry and wet wipes from 
$7 789 million (2004) to $9 921 million (2009). (1)  The global wipe market 
suffered a slower growth than predicted due the recession which compelled 
customers to cut back in household expenditure during 2007 and 2008.  This can 
be seen in Figure 2 where there was growth but not as significant as what is 
forecasted for 2014 in Figure 3. 
Figure 2 Sales of global wipes per type (1) 
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Figure 3 Projected Sales for Wipes (1)  
 
As the worldwide economy improves, so does the demand and innovative uses 
for wipes.  The quick and easy one step process becomes more appealing to 
customers who have very little time for tedious tasks.  It was estimated that there 
would be a significant growth when manufacturing and industrial markets start 
gaining momentum after the recession.  
1.2.1 The global wet wipes market  
The wet wipes market has a definite larger share than the dry wipes market, 
(±70% of the market segment for wet wipes compared to ±30% for the dry 
wipes). (1) There seems to be a slight shift towards dry wipes as there are more 
innovations.   
The wet wipes market is divided into personal care/baby wipe and household 
wipes.   
Personal care and baby wipes 
The personal wet wipe segment is dominated by the baby wipes. This segment 
became popular due to the interest taken by customers and the health care 
industry in good health and cleanliness. (4)  
As the public became more educated concerning the effects of germ and 
bacterial contamination, they became more aware of the necessity of cleanliness 
and good hygiene on a household and personal basis.   
0 
1 000 
2 000 
3 000 
4 000 
5 000 
6 000 
7 000 
8 000 
9 000 
10 000 
2009 2010 2011 2012 2013 2014 
7
 1
7
5
 
7
 4
2
8
 
7
 7
8
3
 
8
 1
9
9
 
8
 7
3
3
 
9
2
5
5
 
2
 9
6
1
 
3
 0
7
3
 
3
 2
4
5
 
3
 4
4
2
 
3
 6
9
6
 
3
9
4
0
 
 F
o
re
ca
st
 -
 $
 M
ill
io
n
 
Wet  Dry 
16 | P a g e  
 
Due to this there was a significant increase shown in wet wipes and their 
advantages, some of which are mentioned below: 
 Ease-of-use 
 Portability  
 Disposability  
 Softness / smoothness  
 Lotions/solution can be added for specific uses  
 Good uniformity  
The convenience and ease of use is another attraction which eliminates the use 
of a wet and dry component e.g. cotton wool and soap and water. Figure 4 
illustrates how the personal care segment is divided.  
Figure 4 Baby & Personal Care for 2009 (1) 
 
Household wet wipes 
The household wet wipe industry was really started with the Clorox’s disinfectant 
wipes being launched in 1999 (1), and then a year later Procter & Gamble’s 
Swiffer electrostatic floor cleaning cloths. Since then there has been an explosion 
of various new household wipes from stainless steel wipes for appliance to tile 
wipes.  Figure 5 illustrates the growth of the household wipe industry since 2004 
and Figure 6 shows the different categories of household wipes. (1) 
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Figure 5 Household wipes market from 2004 to 2014 (1) 
 
 
Figure 6 Household Wipes for 2009 (1) 
 
1.3 Components of a wet wipe 
A wet wipe consists of 2 main components: 
1. Base fabric which, generally, is a non-woven fabric/wipe. 
2. Specially formulated lotion or cleaning solution which is impregnated into the 
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1.3.1 Base Fabric 
The base fabric that is generally used is a non-woven fabric. The fabric may have 
a limited life span or single-use or may be very durable. Non-woven fabrics can 
have specific characteristics that may allow them to deliver high performances 
across a wide range of different applications. For example: absorbency, 
resilience, stretch, softness, and strength.  The versatility of non-woven’s allows 
products to provide innovation and cost-effectiveness. (3) 
Definition of non-woven 
A non-woven fabric is a manufactured sheet or web of directionally or randomly 
orientated fibres, bonded by friction, and/or cohesion and/or adhesion, excluding 
paper and products which are woven, knitted, tufted, stitch-bonded incorporating 
binding yarns or filaments, or felted by wet-milling, whether or not additionally 
needled. The fibres may be of natural or man-made origin.  (4) 
Manufacturing Process of Non-woven wipes 
Non-woven wipes are manufactured in 3 specific stages, initially forming the web, 
then bonding the web and then final finishing.   
The 3 stages are described below: 
1. Web Formation  
This is the arrangement of fibres into sheets or webs.  Web formation is done by 
4 different methods: 
a) Dry-laid – the fibres are blended/ tangled, laid and transported by air to 
form a web. 
b) Spunmelt - polymer pellets are melted and extruded out into a continuous 
filament which is laid uniformly onto a conveyor.  The remaining heat 
bonds the filaments together to form the web. (spunlaid or spunbonded). 
c) Wet-laid – A mixture of water and fibres is laid on a moving wire screen 
and then water is drained to form a web.  
d) Other - This is a group of specialised technologies where web formation 
and bonding is done simultaneously for e.g. Flash spun webs. 
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2. Web Bonding 
The web that was laid must now be consolidated (called the web bonding 
process), which is done in 3 different ways: 
a. Chemical – application of a liquid bonding agent is applied to the web. 
Three groups of materials are used more commonly as binders:  
i. Acrylate polymers and copolymers,  
ii. Styrene-butadiene copolymers and  
iii. Vinyl acetate ethylene copolymers. 
b. Thermal – Heat and high pressure applied through rollers are used to 
melt the fibres webs together at a speed or through air temperature 
which uses carefully controlled hot air steam to melt low melting point 
fibres.  
c. Mechanical – In mechanical bonding the strengthening of the web is 
achieved by inter-fibre friction as a result of the physical entanglement 
of the fibres (needlepunching/ hydro-entanglement/ stitchbonding). 
3. Finishing Treatment 
Non-woven wipes can be treated with a variety of chemicals before and after the 
binding process to cater to the application of the fabric for e.g. Fire retardant, 
porous, water repellent, etc.   
The non-woven fabric has now been completed and manufactured into a roll. 
Converters can convert it to its final form by slitting, cutting, folding or heat 
sealing (6). 
Type of production processes for wet wipes being produced 
In the global market the types of wipe can determine the choice of raw materials 
and processes to be used.  Figure 7 is an illustration which shows the breakdown 
of processes being used for the wet wipe market for 2009. (1) 
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Figure 7 Breakdown of production process for wet wipes for 2009(1). 
 
1.3.2 Cleaning Formulation 
The other component of the wet wipe is the impregnated liquid that is formulated 
specifically to the customer’s requirements.  The current project’s focus is 
specifically on glass cleaner formulations. 
The main components of a glass cleaner are as follows: 
 At least one water soluble organic solvent  
 At least one surfactant 
 Aqueous Phase -  water and a non-aqueous polar solvent 
 Additional adjuncts in small amounts such as fragrance, dyes, 
chelating agents, preservatives, etc. 
All of the components are chosen according to the required characteristics of the 
wipe application. 
Water Soluble Organic solvent 
The organic solvent is important as it improves degreasing and minimises 
spotting of hard surface areas. This is a major requirement for cleaning of glass 
surfaces as well as for clarity. 
Surfactants 
The basic role of surfactants is to disperse particulate solid when the wipe comes 
into contact with the glass surface. It also acts as a surface active agent that 
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reduces the interfacial tension between the glass surface and the liquid, which 
will allow for wetting of the glass surface.  
Surfactants consist of a hydrophobic part and a hydrophilic part. In aqueous 
cleaning solutions the hydrophilic part arranges itself towards the aqueous phase 
whereas the hydrophobic part hides from the aqueous phase by attaching itself to 
any surface besides the water. The surfactant absorbs onto the surface and in 
the process reduces the interfacial tension, allowing for wetting of the surface. 
Surfactants also improve the degreasing ability of the cleaner and lessen 
streaking or smearing.   
It was found that streaking or smearing problems can be caused if non-ionic and 
cationic amphoteric surfactants are used. (7) 
Aqueous Phase 
A low molecular weight organic water-soluble solvent must be used to obtain 
complete miscibility with the aqueous phase. For good cleaning it is necessary to 
employ solvents with some cleaning action. Alcohols contribute to good solvency 
of polar and non-polar soils and an acceptable evaporation rate. The solvent 
must volatilise without leaving any residue on the glass surface.   
1.4 Problem Statement  
There are many glass cleaning wet wipes on the market, typically most have 
degreasing properties but some are less successful with streak resistance and 
others even less with anti-fogging properties. 
The properties of a successful glass cleaning composition should be good 
detergency, acceptable streak-resistance and adequate evaporability, but 
included in these characteristics should be some anti-fogging properties.   
This is a concern, as these characteristics are contradictory by nature: 
Components in the formulation that may assist with cleaning/degreasing 
characteristics could negatively impact anti-fogging characteristics to a certain 
extent.   
Conventional glass cleaners have surfactants and solvents that are required to 
emulsify oils and greases from a soiled glass surface, and the solubilised soil is 
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removed from the surface with a wipe. If the soil is not emulsified completely, 
streaking/smearing will occur upon the glass surface. (8)   
The same mechanism which allows for the emulsified oils and greases to be 
removed from the surface, will also limit the ability of the glass cleaner to leave a 
hydrophilic coating which will in turn limit the anti-fogging properties. 
Therefore an efficient compromise must be obtained between the components as 
well as the required characteristics of the formulation. 
1.5 Wipe Formulation 
In formulating the cleaning solution for the wet wipe, the requirements of the 
automotive glass cleaner, namely good cleaning ability without leaving smears 
and streaks, and anti-fogging behaviour, have to be taken into account.  
In order to obtain good cleaning ability one must consider the mechanism of 
detergency. 
1.5.1 Detergency 
A good cleaning agent or detergent must have the following properties: 
a) Good wetting power (so that agent makes close contact with surface to be 
cleaned) 
b) Ability to remove dirt into bulk of liquid or assist this process 
c) Ability to solubilize or disperse dirt once removed and to prevent it from 
redepositing onto cleaned surface (residue) 
Wetting: 
Surface tension is defined as the energy needed to increase the surface area of a 
liquid by a unit amount. (9) Surface tension is also a measurement of the cohesive 
energy present at an interface.  
Because of its high surface tension, water on a glass surface tends to bead up 
and form droplets as shown below:  
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Liquid  
 
Solid 
By reducing the surface tension of the water, the water droplet will spread out or 
sheet out. 
 
To expand on this subject of surface tension, the spreading coefficient must be 
considered. Spreading is a term utilised when a liquid forms a thin layer on a 
solid surface.  The spreading coefficient is the measure of free energy change as 
the liquid (L) spreads over the solid surface (S).  See figure 8. 
Spreading coefficients of L on S can be calculated as follows: 
SL/S = ƔS–(ƔL +ƔLS) 
ƔS = Surface tension of solid surface 
ƔL = Surface tension of liquid spreading 
ƔSL = Interfacial tension of solid / liquid 
  Equation 1 Spreading Coefficient 
 
 
 
 
           
Figure 8 Surface Tension Diagram (Solid/Liquid) 
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If the spreading coefficient is positive then spreading will occur spontaneously 
and the liquid will form a film (adhesive forces are stronger). If the spreading 
coefficient is negative then de-wetting will occur and the liquid will bead up and 
form droplets (cohesive forces are stronger). (10) 
As can be seen in Equation 1, to achieve a positive spreading coefficient the 
surface tension of the liquid must be reduced; this will increase the adhesive 
forces between the liquid and the solid. Introducing the right combination of 
surfactants into the aqueous phase will lower the surface tension of the aqueous 
phase and will increase wetting of the surface. 
Dirt removal and dispersal: 
Dirt is generally oily and contains particles of dust, soot, etc. Its removal from a 
substrate such as glass relies on its replacement with another substance that can 
wet the glass better, and can be considered in terms of change in surface energy. 
See figure 9. 
 
 
 
 
 
  Figure 9 Dirt Removal Interactions 
The work of adhesion between a dirt particle and a substrate is given:  
WSD = γDW + γSW – γSD 
Where:  S = substrate; D = dirt; W = water 
The task of the detergent solution is to lower γDW and γSW, which decreases the 
adhesion WSD and facilitates the removal of the dirt particle by mechanical 
agitation. 
water 
substrate substrate 
water 
dirt 
dirt 
γ
SD
 γ
SW
 γ
DW
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If the dirt is liquid (oil or fat), its removal is a problem of contact angles. See 
Figure 10.  The substrate is preferentially wetted by the surfactant solution. The 
liquid dirt, initially present as a thin film spread over the substrate, is gathered up 
into droplets by the action of the detergent solution. Addition of detergent 
increases the contact angle at the dirt/substrate/water interface so that the dirt 
“rolls up” and off the substrate. These droplets can then be removed by 
mechanical means. 
 
 
 
 
 
  Figure 10 Oil Removal Interactions 
 
The contact angle can be increased by lowering the interfacial tension between 
the substrate (glass) and the aqueous solution. Detergents that adsorb both at 
the S/W and D/W interface are the most effective. 
 If the tenside adsorbs only at the D/W interface and lowers the interfacial tension 
γDW, or if it dissolves in the oil and reduces the interfacial tension of oil relative to 
substrate, γSD, dirt removal is more difficult since θ is reduced and roll-up 
prevented. Nonionic detergents are usually less effective in the removal of dirt 
than anionic tensides. 
As can be seen in Figure 11 below, the nonpolar tails of the surfactant molecules 
attach themselves to the substrate and dirt surfaces while the ionic head groups 
are in the aqueous phase,  
The head groups between the dirt and substrate surfaces repel each other and 
help to lift the dirt particle or oil droplet off the surface. To prevent dirt from 
redepositing on the substrate once it has been removed, the dirt particles must 
be stabilized by colloid-chemical means; this is achieved by means of electrical 
substrate substrate 
Surfactant  solution 
oil oil θ θ 
Surfactant  solution 
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charge and steric barriers resulting from adsorption of surfactant molecules by 
both dirt particles and the substrate.  
The right combination of ionic and nonionic surfactants can achieve this. 
Aqueous Phase 
 
 
 
 
 
   Figure 11 Detergent Action 
 
The second requirement of the wet wipe formulation is that it should help to 
prevent fogging after the solution has been applied to the glass surface to 
remove dirt, oil and grease. To achieve this, one must consider the nature of 
fogging. 
1.5.2. Characteristics of fogging 
Fog is formed when a colder non-porous surface (e.g. glass) is exposed to 
warmer moist air; fog will then form on the cooler surface by condensation of 
water into droplets onto the surface where the temperature is below the dew 
point. 
There are some commercial methods to avoid fogging, for example, using double 
glass panes or making the surface more porous to absorb the droplets.  Both of 
these are not options when the surface is a glass automobile windscreen which 
requires visibility and clarity. 
The approach of the current project was to enhance anti-fogging properties of the 
formulation through the use of appropriate surfactants which would leave a 
hydrophilic film on the glass surface to encourage the spreading of condensed 
water.  
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Increasing hydrophilicity of the surface 
The main surfactants of interest for this purpose are the amphoteric surfactants. 
Amphoteric surfactants contain both anionic and cationic structures in one 
molecule. 
The main characteristic of an amphoteric (zwitterionic) surfactant is pH 
dependence i.e. in an acid medium the surfactant becomes a cationic surfactant 
which has a positive charge but in a basic medium the reverse is true and it 
becomes an anionic surfactant with a negative charge. (11) 
Amphoteric surfactants are characterized by a primary, secondary, tertiary or a 
quaternized nitrogen atom and an anionic group (carboxylic group).  
Betaines are characterised by a fully quaternized nitrogen atom which means that 
they are always positively charged irrespective of pH.  Therefore betaines are 
cationic in acid media and are zwitterionic in neutral and alkaline solutions, as 
shown below: 
N+....COOH                       N+....COO- 
Acid pH ˂ 3     Neutral or Basic pH>7 
 
It was noted from the patent searches that the better liquid detergent solutions for 
cleaning hard shiny surfaces contain zwitterionic surfactants with an anionic and 
cationic group that is present at a pH of ±10.  
The amphoteric surfactants used in industry for hard surface cleaners are 
typically molecules which contain a quaternary ammonium group with an anionic 
group (sulfonate group or a carboxylic group). (12) 
The surfactants used in this project were both betaines, viz, cocopyl dimethyl 
hydroxy sulfopropylbetaine and lauryl dimethyl betaine. Their chemical  
structures are shown in Figures 12 & 13 below. 
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Figure 12 Chemical Structure of Lauryl Dimethyl Betaine  
 
 
 
 Figure 13 Chemical Structure of Cocopyl Dimethyl Hydroxy 
Sulfopropylbetaine (13) 
 
In the formulations investigated for the current project, the betaines were utilized 
in a basic medium. The basic medium in this project could be achieved through 
the use of a beta-aminoalkanol compound or/and monoethanolamine which 
would make the solution basic. (14) 
This ensures that the betaine surfactant is in its zwittertronic form which allows 
the glass surface to become hydrophilic. This will promote anti-fogging properties 
as well as repel hydrophobic soils.   
1.5.3 Co-solvents 
To achieve anti-fogging properties different hydrophilic glycol ethers have been 
utilized in previous formulations. (8) 
The two solvents that were chosen for the current project were determined using 
the technical datasheets from the suppliers and considering the requirement of 
the formulation.   
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It was noted that glycol ethers are less polar solvents and will wet surfaces better 
than more polar solvents but need a high loading of aqueous cleaner composition 
to retain the soils. (16) 
It was identified that if a combination of glycol ethers as solvents is to be included 
in the composition, then the surface tension should be lowered and the 
degreasing characteristics promoted. The cleaning solution also renders the 
surface hydrophilic to improve the sheeting/wetting ability. 
1.5.4 Aqueous Phase 
The balance of the formula is typically water and a non-aqueous polar solvent like 
methanol, ethanol, isopropanol, etc.  
For convenience isopropanol was selected as it has been successfully used in 
previous formulations and has been referred to in many previous patents (17). 
1.6 Research Objective 
The main objective of the project was to formulate a glass cleaner with good 
degreasing/cleaning as well as anti-fogging properties.   
To achieve this objective it was required to investigate the physical properties of 
the glass / fog droplets as well as the influence that the different components 
have on the formulation with respect to cleaning and anti-fogging. 
1.7 Research Hypothesis 
If an amphoteric surfactant is used together with monoethanolamine, then the 
glass surface will become hydrophilic which will promote anti-fogging properties 
as well as enhance repulsion of hydrophobic soils. 
If combinations of glycol ether are to be included into the composition then the 
surface tension lowering ability should be improved as well as the degreasing 
properties. 
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CHAPTER 2   
EXPERIMENTAL DATA 
In this chapter details of the materials utilised in the formulations as well as 
methods of comparative evaluation of specific performance criteria is presented. 
2.1 Formulation Materials  
A list of different materials used in the formulations can be seen in Table 1. 
Table 1 : List of Materials for formulation 
Category Name Abbreviation 
Generic/ 
Commercial 
Name 
Aqueous Phase 
 
De-ionised Water 
 
DI Water  
 Isopropanol IPA  
Organic Solvent 
Propylene Glycol 
Methyl Ether 
PM Dowanol PM 
 
Propylene Glycol n-
butyl Ether 
PnB Dowanol PnB 
 Monoethanolamine MEA 
 
Monoethanolamine 
 
Surfactants 
Cocopyl dimethyl 
hydroxy 
sulfopropylbetaine 
CAS50 
Cocamidopropyl 
Hydroxysultaine 
 
Lauryl dimethyl  
betaine 
CAS30 
 
Lauryl Betaine 
31 | P a g e  
 
2.2 Formulation Materials Data 
Data information about the different components was obtained from the suppliers 
as well as from the company websites. 
Generic Name:   Isopropanol  
CAS No.:   67-63-5 
Chemical Name:  Isopropyl alcohol (2-propanol) 
Chemical Formula: (CH3)2CHOH 
Chemical Structure:  
     
 
Generic Name:   Propylene Glycol Methyl Ether (18) 
CAS No.:   107-98-2 
Chemical Name:  1-Methoxy-2-propanol 
Chemical Formula: C4H10O2 
Chemical Structure:    
Product Name:   Dowanol PM 
Supplier:   The Dow Chemical Company (Crest Chemicals) 
Characteristics: It performs an excellent job of solvating and coupling 
hydrophobic greases and oils in household as well as 
industrial formulations. It is partly, miscible with most 
organic solvents, water soluble and provides excellent 
surface tension lowering ability. 
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Generic Name:   Propylene Glycol n-Butyl Ether (19) 
CAS No.:   5131-66-8 
Chemical Name:  1-BUTOXY-2-PROPANOL 
Chemical Formula: C7H16O2 
Chemical Structure:  
 
Product Name:   Dowanol PnB 
Supplier:   The Dow Chemical Company (Crest Chemicals) 
Characteristics:  It performs excellent job of solvating and coupling 
hydrophobic greases and oils in household as well as 
industrial formulations. It is miscible with most organic 
solvents, partly water soluble and also provides excellent 
surface tension lowering ability. 
 
Generic Name:   Monoethanolamine (20) 
CAS No.:   141-43-5 Commercial 
Chemical Name:  Monoethanolamine 
Chemical Formula: HOCH2CH2NH2 
Chemical Structure: 
 
 
Product Name:   Monoethanolamine 
Supplier:   The Dow Chemical Company (Crest Chemicals) 
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Generic Name:   Cocoamidopropyl Hydroxy Sultaine (21) 
CAS No:    68139-30-0 
Chemical Name: N-(3-cocoamidopropyl)-N,N-dimethyL-N-(2-hydroxy-3-
sulfopropyL) ammonium betaine 
Chemical Formula: C20H42N2O5S 
Chemical Structure: 
 
 
Product Name:   Crodateric CAS50 
Supplier:   Croda 
 
Generic Name:   Lauryl betaine (22) 
CAS No.:   683-10-3 
Chemical Name:  laury dimethylaminoacetic acid betaine 
Chemical Formula: C16H33NO2 
Chemical Structure:  
 
 
Product Name:   Crodateric CAS30 
Supplier:   Croda 
2.3 Experimental Design 
In many experiments there are many different variables that are able to affect the 
outcome. The effect of the variables can be investigated by changing one 
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variable while maintaining the other components of the formulation.  This would, 
however, be extremely time consuming and uneconomical.  
For efficiency, an experimental design was developed prior to starting the 
experimental work.  This experimental design would be able to assist in 
calculating the effect of individual components of a formulation as well as the 
interactions between the variable components. 
Before the experimental design could be developed certain criteria needed to be 
decided:  
 The number of variables as well as the limits of each one, needed.  
 Time requirement for completion of the experiments 
 Type of data to be recorded, whether empirical or categorical  
It was decided to use a simplex lattice mixture design with 4 components with a 
factor of 2. This is a design developed by Scheffé (1958, 1963) for experiments 
with mixtures. (22) 
In this experiment there were 4 main variables (components) for this mixture as 
indicated in Table 2.   
Table 2 Variable Components with limits (%weight) 
Components Product Name Company Variable Limits
Propylene Glycol 
Methyl Ether
Dowanol PM DOW Variable 1 (A)
Propylene Glycol n-
butyl Ether
Dowanol PnB DOW Variable 2 (B)
Monoethanolamine Monoethanolamine DOW Constant (C) 0.5% - 1%
Cocopyl dimethyl 
hydroxy 
sulfopropylbetaine
Crodateric CAS 
50
Croda Variable 3 (D)
Lauryl dimethyl betaine
Crodateric CAS 
30
Croda Variable 4 (E)
1% - 4 %
0.1% - 1%
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In the initial experimental design monoethanolamine was considered a constant 
component as it was to be present in all the formulations at a constant %weight.   
This would have resulted in 4 main variables. After the formulations had been 
made up to include it into the variables as the actual mass of monoethanolamine 
weighed differed slightly between the formulations and it had a coupling effect 
with the surfactant variables which affected their performance within the 
formulation. 
Regression analysis was completed to calculate a predictive model for each 
property (viz, cleaning, streaking, smearing, surface tension and anti-fogging) 
measured. 
Equation 2 shows the predictive model to be validated. 
Equation 2 Predictive Model to be validated 
                                                
                                        
Where:      to     are the coefficients associated with each variable. 
A to E are the variable components in the formulation. 
(A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
 
The experimental design was compiled as indicated in Table 3. 
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Table 3 Experimental Design (weight in grams) – randomized runs 
Weight of Components (grams) - Experimental Design 
  V1 (A) V2 (B) C V3 (D) V4 (E) 
Run PM PnB MEA CAS50 CAS30 
1 3.025 1.525 0.75 0.325 0.325 
2 2.65 1 0.75 1 0.55 
3 2.275 2.275 0.75 0.1 0.55 
4 3.1 1 0.75 1 0.1 
5 1 3.1 0.75 0.55 0.55 
6 2.275 2.275 0.75 0.1 0.55 
7 3.55 1 0.75 0.1 0.55 
8 1.6 1.6 0.75 1 1 
9 1.525 2.575 0.75 0.325 0.775 
10 2.2 1 0.75 1 1 
11 4 1 0.75 0.1 0.1 
12 2.275 2.275 0.75 0.55 0.1 
13 1 3.1 0.75 0.1 1 
14 1 4 0.75 0.1 0.1 
15 2.275 2.275 0.75 0.55 0.1 
16 3.1 1 0.75 0.1 1 
17 1 3.1 0.75 1 0.1 
18 1 3.1 0.75 0.1 1 
19 3.1 1 0.75 1 0.1 
20 3.1 1 0.75 0.1 1 
21 4 1 0.75 0.1 0.1 
22 1 2.2 0.75 1 1 
23 1 3.1 0.75 1 0.1 
24 1 4 0.75 0.1 0.1 
25 1.525 2.575 0.75 0.775 0.325 
The ingredients for the 25 different formulations were then weighed and blended 
into their respective spray bottles.  The actual weights, as indicated in Table 4, 
were recorded as they would be required for calculations at a later stage. 
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Table 4 Actual weights of each component in formulations (weight in g). 
Run Di Water IPA PM PnB MEA CAS50 CAS30 
1 89.29 5.51 3.04 1.60 0.78 0.34 0.36 
2 88.59 5.56 2.61 1.02 1.01 1.02 0.59 
3 90.11 5.59 2.43 2.65 0.80 0.12 0.54 
4 87.87 5.56 3.11 1.01 0.86 1.00 0.10 
5 88.53 5.57 1.06 3.11 0.78 0.58 0.63 
6 88.47 5.54 2.31 2.25 0.77 0.10 0.57 
7 89.02 5.57 3.55 1.01 0.92 0.12 0.58 
8 88.63 5.68 1.64 1.60 0.94 1.03 1.23 
9 88.56 5.53 1.64 2.79 0.83 0.33 0.83 
10 88.88 5.60 2.24 1.00 0.75 1.01 1.06 
11 88.67 5.57 4.18 1.02 0.77 0.11 0.10 
12 88.82 5.54 2.28 2.36 0.75 0.55 0.11 
13 88.98 5.52 1.07 3.11 0.81 0.14 1.05 
14 88.68 5.84 1.07 4.00 0.77 0.11 0.11 
15 89.55 5.85 2.31 2.32 0.85 0.58 0.13 
16 89.37 5.55 3.14 1.10 0.77 0.14 1.05 
17 89.32 5.51 1.03 3.11 0.75 1.04 0.12 
18 88.77 5.57 1.04 3.13 0.78 0.12 1.10 
19 89.62 5.51 3.13 1.03 0.84 1.06 0.11 
20 91.28 5.50 3.12 1.00 0.79 0.14 1.03 
21 89.38 5.58 4.01 1.00 0.85 0.12 0.12 
22 89.25 5.59 1.00 2.21 0.76 1.06 1.00 
23 89.31 5.57 1.08 3.11 0.89 1.02 0.13 
24 89.01 5.51 1.11 4.03 0.83 0.14 0.11 
25 88.26 5.61 1.65 2.64 0.76 0.86 0.38 
 
2.4 Experimental Procedure 
2.4.1 Preparation of Glass Cleaner Formulations 
Twenty five different formulations were prepared using a formulation matrix which 
was derived from the experimental design. The experimental design and the 
component quantities are discussed in chapter 3.  
An example of a typical formulation used is shown in Table 5. 
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Table 5 Formulation No. 1 according to the experimental Design 
Name Abbr. 
% Weight 
(Exp Design) 
Limits  
(% Weight) 
De-ionised Water DI Water 88.25% 75% - 90% 
Isopropanol IPA 5.5% 1% - 10% 
Propylene Glycol Methyl Ether PM 3.025% 
1% - 5% 
Propylene Glycol n-butyl Ether PnB 1.525 % 
Monoethanolamine MEA 0.75% 1% - 10% 
Cocopyl dimethyl hydroxy 
sulfopropylbetaine 
CAS50 0.325% 
0.1% - 1% 
Lauryl dimethyl  
Betaine 
CAS30 0.325% 
 
The formulations were prepared on a digital scale in 100ml spray bottles (HDPE 
– High Density Polyethylene).  
The spray bottle is placed on the digital scale and zeroed , the different 
ingredients were then added using glass pipette droppers.   
The ingredients (all liquid) were added in the following order: 
1. Propylene Glycol Methyl Ether (PM) 
2. Propylene Glycol n-butyl Ether (PnB) 
3. Monoethanolamine (MEA) 
4. Cocopyl dimethyl hydroxy sulfopropylbetaine (CAS50) 
5. Lauryl dimethyl betaine (CAS30) 
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6. Isopropanol (IPA) 
7. De-ionised Water (DI water) 
The actual weights were recorded for future calculations.  
The ingredients were blended after which the spray bottle was closed with the 
spray nozzle.   
The spray bottle was used for application purposes as well as for storage. See 
picture 1. 
 
 
 
 
 
 
Picture 1 Sample picture of 100ml spray bottle 
 
2.4.2 Performance Evaluation of Formulations 
The major aspect to be considered for this project and for this glass cleaner is the 
cleaning ability as well as the anti-fogging ability. 
Standard Test Procedure for Cleaning/Smearing/Streaking 
Commercially, most cleaning products are tested according to test methods that 
are updated and issued by CSPA (Consumer Specialty Products Association).  
CSPA is an American premier trade association that represents many major 
companies engaged in the manufacture, formulation, distribution and sale of 
familiar consumer products that help household and institutional customers 
create a cleaner and healthier environment. 
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The CSPA strives to keep the industry current on new issues and aware of 
emerging technologies that impact the industry, including the development and 
standardization of test methods.  
The CSPA has developed a set of test methods for Glass Cleaners for cleaning. 
DCC-09 Standard Guide for Evaluating the Filming and Streaking of Glass 
Cleaners (2003) was obtained from CSPA Cleaning Products Division Test 
Methods Compendium (4th Edition).(24) This method is a laboratory test and 
standard guide for evaluating glass cleaners.   
This method had to be modified to be completed within infrastructure and time 
constraints.  For example, a straight-line washability apparatus is required for the 
test but was not available. However, a suitable replacement was developed to 
ensure that the main operations and requirement were satisfied.   
Straight-line washability Apparatus 
The apparatus that was specified in the CSPA test method is the Byk-Gardner 
Abrasion Tester or Gardco Linear Motion Test Equipment (25). 
Testing done with this equipment involves one moving surface (the carrier with 
wipe) against another under controlled conditions. 
The straight-line washability apparatus ensures that there are even length strokes 
with consistent pressure and minimal human inconsistencies.   
 
 
Picture 2 Gardco Linear motion tester (25) 
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A similar apparatus was developed for this project to ensure that the cleaning 
was done under controlled conditions.  There must be consistent pressure place 
on the carrier and the cleaning stroke being applied must be even and have a 
consistent length.  This was achieved by the custom-built apparatus seen in 
picture 3. 
 
 
Picture 3 Straight-line washability apparatus (Custom developed) 
 
Operation of the -custom-developed straight-line washability apparatus: 
 The base fabric was placed around the carrier B with use of bulldog clips.  
 The carrier consisted of a stainless steel housing with a HPDE (High 
Density Polyethylene) block within. The HPDE block was cut, optimised 
and attached to the carrier.  This was to ensure that there was sufficient 
surface contact made with the glass panel. 
 A glass plate was placed below the carrier B after application of the glass 
cleaner. 
 The handle A was turned with even speed for fixed number of rotations.  
 The Carrier B moved repeatedly in a straight Line from point 1 to point 2 
and back to point 1.  
 The panel was carefully removed, left to dry and evaluated. 
This apparatus ensures that there is no excess pressure applied on the carrier 
and the stroke length is consistent and even with minimal external interference.  
 
 
Handle A 
Carrier B 
1 
2 
 
2 
 
 
 
2 
2 
 
 
 
 
 
 
 
 
2 
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This reduces the human error which can be made by inconsistent pressure 
placed on the block when cleaning, etc.   
Replication was improved as the machine did the cleaning with even strokes that 
could be quantified. 
This apparatus was sufficient as all the cleaning evaluations were done on a 
comparison basis and the same process was repeated for all formulation 
samples. Before starting the evaluation the glass panels needed to be cleaned 
and prepared.  This was to ensure that there is no additional contamination on 
the glass prior to start of experiment, which could affect the comparisons.  This 
would also ensure that all the panels are treated similarly. 
Procedure for pre-cleaning and preparation of the glass panels 
Glass panels (30cm x 30cm x 3mm) need to be carefully prepared according to a 
set cleaning system to ensure that there is no contamination on the glass prior to 
adding the soil mixture. 
Glass panels were prepared using a four bath cleaning system with a cleaning 
and drying cloth.  The cleaning solvent baths are shown in Table 6. 
A panel was placed in bath 1 and then cleaned with a cloth.   
It was then placed in each subsequent bath until bath 4 where de-ionized water 
was sprayed over the panel and dried with another cloth.   
Table 6 Glass Cleaning Baths (1-4) 
Bath Cleaning Solvent 
1 Mineral Spirits (White Spirits) 
2 Glycol Monobutyl Ether 
3 Iso-propanol 
4 Running De-ionized Water 
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Glass panels were then dried and checked for any further contamination.  If the 
glass panels were not thoroughly cleaned, the glass plates were exposed to the 
entire solvent cleaning procedure again. 
Preparation of soiling mixture 
Synthetic sebum, as indicated in Table 7, was prepared to simulate the oily 
substances secreted by the human skin. 
A soiling mixture was then prepared by incorporating mineral oil, clay and 
perchloroethylene into the synthetic sebum mixture as shown in Table 8. 
Table 7 List of ingredients in synthetic sebum (21) 
Constituent Weight % 
Palmitic acid 10.0 
Stearic acid 5.0 
Coconut oil 25.0 
Paraffin wax 25.0 
Olive oil 20.0 
Oleic acid 10.0 
Linoleic acid 5.0 
Total 100.0 
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Table 8 List of ingredients for Soiling Mixture (21) 
Soil Formations 
Interior Soil 
wt% 
Mineral oil  0.5 
Clay   0.5 
Synthetic sebum     0.5 
Perchloroethylene 98.5 
 
Procedure for cleaning/smearing/streaking evaluation 
Soiling mixture (±5.5g) was applied evenly with an spray bottle to each cleaned 
glass panel and aged for 2 hours at 50°C in an incubator.  
Glass panels were removed and left to cool to room temperature or for ± 15 
minutes. 
Each glass cleaner formulation was then applied by spray bottle to a glass panel 
surface (±2g) and allowed to penetrate for 1 minute. 
The base fabric was secured around the carrier B (see picture 3) with bulldog 
clips. 
The glass panel was then secured to the straight-line washability machine under 
the carrier, 10 strokes were applied within a 30 second period and then another 
10 strokes within the next 30 second period.   
The strokes were applied slowly and evenly using handle A in a circular motion 
as indicated in Picture 3.   The glass panels were removed from the carrier with 
great care.  
The glass panels were left to dry on the laboratory bench to be ready for 
evaluation by the judges. See Picture 4 and 5. 
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Picture 4 Panels lined up to dry Picture 5 Panels left to dry 
 
Five evaluation judges were chosen due to their field of experience. They are 
listed in Table 9. 
Table 9 List of Evaluation Judges 
No. Name Organisation 
1. Maria Bekker VWSA (Paint Specialist) 
2. Theo  Von Reuben Chemsolved (Chemical Formulator) 
3. Nicole Vorster NMMU : Innoventon (Study supervisor) 
4. Faith Akwi NMMU Masters Student  
5. Tanya Bosch NMMU Masters Student  
 
Evaluation standards were discussed prior to the judging to ensure that 
understanding of the requirements between judges was similar and aligned. 
Each of the 25 treated glass panels was judged and rated by each judge 
separately.   The judges were provided with a worksheet to complete with the 
rating criteria of 1 to 4 and the formulation number, as seen in figure 14. 
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Development of Glass Cleaner Formulation - Evaluation Worksheet
Date:
Time: Judge:
Formulation 
No.
Total Soil 
Removal
Good Soil 
Removal
Moderate 
Soil 
Removal
Poor Soil 
Removal
None
Slight 
streaking
Moderate 
streaking
Severe 
streaking
None
Slight 
Smearing
Moderate 
Smearing
Severe 
Smearing
Mark with X 4 3 2 1 4 3 2 1 4 3 2 1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Page : 1 of 2
Cleaning Streaking Smearing
See Addendum 1 for the detailed test method for cleaning, streaking and 
smearing as well as the evaluation worksheets. 
 
Figure 14 Cleaning/Streaking/Smearing Evaluation Worksheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
As described in Table 10 the evaluation was done on a 1 to 4 rating system of 3 
different criteria.(24) 
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Table 10 Criteria with rating system (22) 
 
Criteria 
 
Rating 
 
Description 
Cleaning 4 Total Soil Removal 
 
3 Good Soil Removal 
 
2 Moderate Soil Removal 
 
1 Poor Soil Removal 
Streaking 4 None 
 
3 Slight Streaking 
 
2 Moderate Streaking 
 
1 Severe Streaking 
Smearing 4 None 
 
3 Slight Smearing 
 
2 Moderate Smearing 
 
1 Severe Smearing 
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Testing Procedure for Surface Tension 
One of the criteria for good wetting of the surface is the ability of the cleaning 
solution to reduce surface tension. 
The surface tensions of all 25 formulations were measured using a Krüss 
tensiometer as seen in Picture 6. 
 
 
Picture 6 Krüss Tensiometer (28) 
 
 
The method that was used for the surface tension was the Du Nüoy Ring Method. 
This procedure uses the interaction between a platinum ring and the liquid 
surface being measured.  
The ring is submerged into the liquid and then drawn out. This forms a liquid 
lamella that is pulled to its maximum.  
The surface/interfacial tension is calculated from the resulting force. (26)  
See the illustrations in Figures 15 and 16. 
The ring is submerged below the surface and then raised upwards as indicated in 
Figure 15 and 16 positions 1-4. 
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As the ring moves vertically upwards it raises a meniscus of the liquid as 
indicated in Figure 15 and 16 positions 5-7. 
 
Figure 15 Du Nuoy Ring Method (24) 
 
 
This meniscus pulls away from the ring and returns to its original position as 
indicated in Figure 15 and 16 position 8. 
Figure 16 Graphical representation of forces (23) 
 
 
The calculation of surface or interfacial tension is based on the measurement of 
this maximum force with specific temperature as indicated in Figure 15 and 16 
position 7. 
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Testing Procedure for anti-fogging properties – Hot Fog Test 
Procedure for cleaning and preparation of the glass panels 
Smaller glass panels (15cm x 15cm x 4mm) needed to be carefully prepared 
according to a set cleaning system to ensure that there was no contamination on 
the glass that may influence the results. 
Glass panels were prepared using a four bath cleaning system as described in 
the previous section.  The glass panels were then dried and checked for any 
further contamination.  If the glass panels were not thoroughly cleaned, the glass 
plates were exposed to the entire solvent cleaning procedure again. (24) 
The warm water bath method was used to create the accelerated fog effect on 
the glass panels.  The fogging or water condensation on the glass panels was 
recorded photographically and then evaluated by a panel of judges.   
The equipment setup required is indicated in figure 17. 
Cold tap water (200ml) was placed in a 600ml glass beaker. 
The glass beaker was placed in a water bath containing water that had been 
heated to 60 °C.  The temperature of the water bath was checked continuously 
during each evaluation. (26) 
The glass cleaner (±2g) was applied onto the surface of a cleaned glass panel 
using the spray bottle. A wipe (base fabric) was used to dry off the glass cleaner 
from the glass surface. 
The glass surface was dried and the sample glass panels were flipped i.e. 
application side underneath and placed above the beaker indicated in figure 17. 
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Figure 17 Hot fog test diagram 
 
 
 
Picture 7 Fogging Evaluation 
 
The stopwatch was then started. 
Using accurate times, the appearance of each glass panel for a period of 2 hrs was 
recorded.  The task to record and monitor changes was very difficult.  To assist with 
this, photos were taken at each time interval for judging purposes. 
Observations were made at time intervals of 10 minutes i.e. photograph taken at 
10min, 20min, 30 min etc. 
Example of photographs taken at 10 minute intervals for formulation 1 can be seen 
in pictures 8-13. 
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Picture 8 Fogging at 10min       Picture 9 Fogging at 20min        Picture 10 Fogging at 30min 
   
  Picture 11 Fogging at 40min      Picture 12 Fogging at 50min   Picture 13 Fogging at 60min 
 
To ensure that judging was conducted at a particular time point, it was decided to 
use the photograph taken at the same time interval for all of the formulations.  
It was noted that after 60 minute interval there was not much change in appearances 
of droplets being formed.  It was thus decided to use the 60 minute interval 
photographs for judging. 
An evaluation guideline as shown in Table 11 was developed and given to the 
judges to assist them.  A worksheet was compiled and issued to each judge to be 
completed with their ratings. 
The fogging evaluations were conducted on a 4 grade rating system.  
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Table 11 Fogging Evaluation Guide 
Rating Description Sample Picture 
1 
Severe Fogging – lots of 
small droplets 
 
2 
Moderate Fogging – a mix 
of big & small droplets  
 
3 
Slight Fogging – big 
droplets with 
sheeting/spreading 
 
4 No Fogging 
 
 
The photographic records of all 25 formulations at the 60 minute interval were then 
sent electronically to three of the judges for judging.   
Electronic copies of these photos were given so as to allow the judges to enlarge or 
zoom in for better evaluation. 
It was conveyed to the judges that the objective of the project was to reduce 
interfacial tension between the glass and water droplets by the residual hydrophilic 
film on the glass which should increase the amount of sheeting or filming, therefore 
reducing the fogging effect.   
The reduction of fogging can be related to the formation of larger droplets which 
indicates better spreading/wetting of the surface. Therefore the amount of water 
condensation as well as the droplet size had to be taken into account when the 
photographs were been rated. 
See Addendum 2 for the detailed test method for fogging. 
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2.4.3 Summary of Experimental Data collected 
A summary of the type of evaluation data collected for interpretation is indicated 
in Table 12. 
Table 12 Types of Evaluation Data 
No. Criteria Type of Result 
Data type 
1 Cleaning Grading number (1-4) 
Categorical 
2 Streaking Grading number (1-4) 
Categorical 
3 Smearing Grading number (1-4) 
Categorical 
4 
Surface 
Tension 
Instrument measurement 
(mN/m) 
Empirical 
5 Fogging Grading number (1-4) 
Categorical 
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CHAPTER 3 
EXPERIMENTAL RESULTS FOR CLEANING, STREAKING AND 
SMEARING EVALUATION 
The testing for the cleaning/streaking/smearing criteria was completed in 
duplicate.  The tests were completed on two separate occasions with the same 
prepared formulations.  The judging was completed by the same judges on both 
occasions but on different days.  This presented a challenge as the judging value 
is a categorical number and not an empirical number.   
To allow for both sets of rating results to be utilized in the calculations, the Paired 
t-test was used for each criterion.  It was necessary to prove that there was no 
significant difference in the judging on the two different experimental days. 
The Paired T-test compares the means of two sets of variables. It calculates the 
average difference and tests to see if the average difference is significantly 
different from zero.   
The paired t-test was completed using Microsoft Office Excel 2007 (Add In: 
Statistical Module) comparing the 125 results from the first judging session with 
the 125 results from the second judging session.  
Upon completion of the paired t-test it was noted that the data indicated that there 
was a difference in the two data sets.  Upon review of the paired t-test results for 
cleaning it was noted that the P Value (two-tail) for cleaning was 0>0.05, which 
indicated that there was a difference. See addendum 3. 
Before decisions were made concerning which session to analyse, feedback was 
requested from the judges concerning their personal experience of the two 
different sessions.  The judges commented that they felt more competent to do 
the judging in the second session as compared to the first.  
When evaluating session 2 the judges were more experienced with the required 
criteria and therefore more critical. It was decided that both sets of results were 
not to be utilized, but that the data from session 2 only would be used for 
analysis.   
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See Addendum 4-6 for the detailed rating results for cleaning, streaking and 
smearing. 
 
To predict the outcome of the processes regression models were developed. This 
will also allow one to learn about the interaction of different variables. 
Regression analysis models were used on the rating data and the p-values from 
the regression analyses were used to determine the significance of the variables 
and their interactions.     
The null hypothesis for this experiment was that the variables have no effect on 
the criteria rating. If p>0.05 then the variable does not affect the formulation’s 
performance. 
All regression analysis was conducted using Microsoft Office Excel 2007 (Add In: 
Statistical Module). 
3.1 Regression Analysis of Cleaning Data 
The initial regression analysis of the cleaning data set was completed using all 5 
components as well as the component interactions.  
The initial regression model fitted to the observed cleaning data is given by: 
                                                    
                               
Where:    : Cleaning Rating 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
As shown in Table 13, all the main components, acting individually, were found to 
be insignificant, however, there were two component interactions that were found 
to be significant (p-value<0.05). 
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Table 13 Initial Regression Data associated with Cleaning  
S
y
m Components
S
y
m
Estimated 
Coefficients
Std 
Error
t Stat P-value
Lower 
95%
Upper 
95%
A PM b 1 -0.417 0.902 -0.462 0.645 -2.434 0.337
B PnB b 2 -0.001 0.933 -0.001 0.999 -0.904 1.962
C MEA b 3 6.150 6.036 1.019 0.311 -3.850 14.697
D CAS50 b 4 -1.195 4.503 -0.265 0.791 -10.982 2.854
E CAS30 b 5 3.961 5.675 0.698 0.487 -3.504 13.932  
S
y
m
Component 
Interactions
S
y
m
Estimated 
Coefficients
Std 
Error
t Stat P-value
Lower 
95%
Upper 
95%
AB PM:PnB b 12 0.253 0.121 2.085 0.039 0.044 0.417
AC PM:MEA b 13 -0.553 2.020 -0.274 0.785 -2.628 3.578
AD PM:CAS50 b 14 -0.053 0.744 -0.071 0.943 -0.495 1.793
AE PM:CAS30 b 15 0.739 0.883 0.836 0.405 -1.580 1.134
BC PnB:MEA b 23 -0.777 1.111 -0.699 0.486 -3.063 0.353
BD PnB:CAS50 b 24 -0.227 0.754 -0.302 0.764 -0.663 1.654
BE PnB: CAS30 b 25 0.447 0.900 0.497 0.620 -1.736 1.030
CD MEA:CAS50 b 34 0.962 3.371 0.285 0.776 -4.354 6.005
CE MEA:CAS30 b 35 -9.389 3.156 -2.975 0.004 -10.664 -0.966
DE CAS30:CAS50 b 45 1.051 1.080 0.973 0.333 -1.191 2.128  
Most of the variable interactions were found to be insignificant (P-value >0.05), 
therefore do not have any effect on the cleaning rating.   
The standard residuals were calculated and outliers were removed. Standard 
residuals greater than 2.5 were noted as outliers. For cleaning there was one 
outlier. 
The insignificant interactions were then removed and the regression analysis was 
recalculated as indicated in Table 14. 
The five components were not removed from the data set even though their p-
values were found to be insignificant, since main components of the formulation 
cannot be removed from the mixture model. Only insignificant component 
interactions were removed.  
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Table 14 Final Regression Data associated with Cleaning   
S
y
m Components
S
y
m
Estimated 
Coefficients
Std 
Error
t Stat P-value
Lower 
95%
Upper 
95%
A PM b 1 -0.529 0.299 -1.767 0.080 -1.122 0.064
B PnB b 2 -0.483 0.286 -1.689 0.094 -1.050 0.083
C MEA b 3 4.153 1.590 2.611 0.010 1.003 7.302
D CAS50 b 4 -0.383 0.292 -1.310 0.193 -0.962 0.196
E CAS30 b 5 6.037 1.594 3.787 2.42E-04 2.880 9.194
S
y
m
Component 
Interactions
S
y
m
Estimated 
Coefficients
Std 
Error
t Stat P-value
Lower 
95%
Upper 
95%
AB PM:PnB b 12 0.297 0.094 3.155 0.002 0.111 0.484
CE MEA:CAS30 b 35 -8.114 2.158 -3.759 2.68E-04 -12.388 -3.839  
It can now be seen that variables C and E are significant (p<0.05), as are the 
interactions between variables A and B, and C and E. 
The p-values for MEA, CAS30, PM:PnB and MEA:CAS30 associated with these 
coefficients were significantly small, therefore we can accept that these variables 
do have an effect on the response variable, which is cleaning rating.    
The correlation coefficient is high for this model at R2 = 0.9029, i.e. 90.29% of the 
variations can be described by the predictive model. 
The final regression model fitted to the observed cleaning data is given by: 
                                   
Where:    : Cleaning Rating 
   to     are the est. coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
The p-values for this regression analysis were validated by plotting the standard 
residuals associated with the cleaning. 
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Figure 18 Normal probability plot of the standard residuals associated with 
the regression model which describes cleaning. 
 
As indicated in Figure 18 the standard residuals follow a normal distribution.  
Normally distributed data should be near to the straight line but scattered 
randomly around it. 
The ANOVA was used to validate the model and the F critical value was 
calculated to verify if the predictive model is valid. 
The ANOVA output as given by Microsoft Office Excel 2007 (Add In: Statistical 
Module) is shown in Addendum 4. 
The degrees of freedom in the numerator:    n1 = 7 
The degrees of freedom in the denominator:   n2 = 117 
The F statistic for this analysis is 155.33 as indicated in Addendum 4 which is 
greater than 4 times the F critical value from the F distribution table, which 
indicates that this model can be used as a predictive model. 
With the calculated prediction model and Microsoft Office Excel 2007 (Add In: 
Solver Module) application a formulation was calculated to achieve the best 
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cleaning rating of 4.00 (Total Soil Removal). The formulation is indicated in table 
15. 
Table 15 Formulation for Cleaning Rating derived from prediction model 
Components Abbr. Weight (g) 
De-ionised Water DI Water 86.36 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 3.39 
Propylene Glycol n-butyl Ether PnB 3.54 
Monoethanolamine MEA 1.01 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.10 
Lauryl dimethyl betaine CAS30 0.10 
Cleaning Rating = 4.00 (Total soil removal) 
3.2 Regression Analysis of Streaking Data 
The initial regression analysis of the streaking data set was completed using all 5 
components as well as the component interactions.  
The initial regression model fitted to the observed streaking data is given by: 
                                                    
                               
Where:    : Streaking Rating 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
As indicated in Table 16 there was one variable and 5 interactions that were 
found to be significant (p-value<0.05). There were 4 synergistic (positive 
coefficients) and 2 antagonistic (negative coefficients) effects in this model. 
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Table 16 Initial Regression Data associated with Streaking 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 0.407 1.008 0.404 0.687 -0.579 2.545 
B PnB b2 -0.056 1.042 -0.054 0.957 -0.668 2.564 
C MEA b3 20.564 6.745 3.049 0.003 4.246 25.159 
D CAS50 b4 -0.566 5.032 -0.113 0.911 -6.107 9.494 
E CAS30 b5 -6.832 6.341 -1.077 0.284 -13.653 6.007 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AB PM:PnB b12 0.150 0.135 1.106 0.271 -0.027 0.393 
AC PM:MEA b13 -4.189 2.257 -1.856 0.066 -7.068 -0.070 
AD PM:CAS50 b14 -0.168 0.832 -0.201 0.841 -1.760 0.819 
AE PM:CAS30 b15 2.574 0.987 2.608 0.010 -1.348 1.712 
BC PnB:MEA b23 -3.418 1.242 -2.753 0.007 -5.535 -1.684 
BD PnB:CAS50 b24 -0.329 0.842 -0.391 0.697 -1.836 0.776 
BE PnB: CAS30 b25 2.645 1.006 2.631 0.010 -1.191 1.927 
CD MEA:CAS50 b34 -1.722 3.767 -0.457 0.648 -7.780 3.901 
CE MEA:CAS30 b35 -9.092 3.527 -2.578 0.011 -4.478 6.456 
DE CAS30:CAS50 b45 2.778 1.207 2.301 0.023 -2.495 1.248 
 
Half of the component interactions were found to be insignificant (P-value >0.05) 
therefore they do not have any effect on the streaking rating.  The standard 
residuals were calculated and outliers were removed. Standard residuals greater 
than 2.5 were noted as outliers. For streaking there was one outlier. 
The insignificant interactions were then removed and the regression analysis was 
recalculated as indicated in Table 17 
The final regression model fitted to the observed streaking data is given by: 
                                                    
       
Where:   : Streaking Rating 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
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It is shown that there was a noteworthy change in the p-values, as there are now 
8 significant variables. 
Table 17 Final Regression Data associated with Streaking 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 0.588 0.773 0.760 0.449 -0.945 2.120 
B PnB b2 0.320 0.721 0.444 0.658 -1.107 1.748 
C MEA b3 19.099 5.329 3.584 0.001 8.541 29.657 
D CAS50 b4 -2.863 0.888 -3.224 0.002 -4.622 -1.103 
E CAS30 b5 -7.197 3.736 -1.927 0.057 -14.598 0.204 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AC PM:MEA b13 -3.938 1.771 -2.223 0.028 -7.447 -0.428 
AE PM:CAS30 b15 2.804 0.728 3.854 1.93E-04 1.363 4.246 
BC PnB:MEA b23 -3.491 1.205 -2.898 0.005 -5.878 -1.104 
BE PnB: CAS30 b25 2.884 0.743 3.884 1.74E-04 1.413 4.355 
CE MEA:CAS30 b35 -9.728 2.524 -3.855 1.93E-04 -14.727 -4.728 
DE CAS30:CAS50 b45 3.328 0.886 3.755 2.76E-04 1.572 5.084 
 
The p-values for MEA, CAS50, PM:MEA, PM:CAS30, PnB:MEA, PnB:CAS30, 
MEA:CAS30 and CAS30:CAS50 associated with these coefficients were 
significantly small; therefore we can accept that these variables do have an effect 
on the response variable which is the streaking rating.  
The correlation coefficient is high for this model at R2 = 0.9000 i.e. 90.00% of the 
variations can be described by the predictive model. 
The p-values for this regression analysis were validated by plotting the standard 
residuals associated with the streaking. 
As indicated in Figure 19 the standard residuals follow a normal distribution.  
Normally distributed data should be near to the straight line but scattered 
randomly around it. 
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Figure 19 Normal probability plot of the standard residuals associated with 
the regression model which describes streaking. 
 
 
 
 
 
 
 
 
 
 
 
The ANOVA was used to validate the model and the F critical value was 
calculated to verify if the predicted model is valid. 
The ANOVA output as given by Microsoft Office Excel 2007 (Add In: Statistical 
Module) is shown in Addendum 4. 
The degrees of freedom in the numerator:    n1 = 11 
The degrees of freedom in the denominator:   n2 = 113 
The F statistic for this analysis is 92.43 as indicated in Addendum 4 which is 
much greater than 4 times the F critical value from the F distribution table, which 
indicates that this model can be used as a predictive model. 
With the calculated prediction model and Microsoft Office Excel 2007 (Add In: 
Solver Module) application, a formulation was calculated to achieve the best 
streaking rating of 4.00 (No Streaking - None).      The formulation is indicated in 
Table 18. 
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Table 18 Formulation for Streaking Rating derived from prediction model 
Components Abbr. Weight (g) 
De-ionised Water DI Water 89.41 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 2.72 
Propylene Glycol n-butyl Ether PnB 1.31 
Monoethanolamine MEA 0.75 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.10 
Lauryl dimethyl betaine CAS30 0.21 
Streaking Rating = 4.00 (None) 
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3.3 Regression Analysis of Smearing Data 
The initial regression analysis of the smearing data set was completed using all 5 
components as well as the component interactions. 
The initial regression model fitted to the observed smearing data is given by: 
                                                    
                               
Where:    : Smearing Rating 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
As indicated in Table 19 there was one variable and one component interaction 
that was found to be significant (p-value<0.05). There was 1 synergistic 
component interaction in this model. 
Table 19 Initial Regression Data associated with Smearing 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 0.171 1.055 0.162 0.872 -2.754 0.633 
B PnB b2 -0.665 1.091 -0.610 0.543 -0.905 2.600 
C MEA b3 13.053 7.061 1.849 0.067 -9.027 13.651 
D CAS50 b4 -1.068 5.268 -0.203 0.840 -10.059 6.858 
E CAS30 b5 2.090 6.638 0.315 0.754 -4.375 16.944 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AB PM:PnB b12 0.261 0.142 1.843 0.068 0.038 0.494 
AC PM:MEA b13 -2.483 2.363 -1.051 0.296 -2.696 4.892 
AD PM:CAS50 b14 -0.344 0.871 -0.395 0.694 -1.609 1.188 
AE PM:CAS30 b15 0.686 1.033 0.664 0.508 -2.086 1.233 
BC PnB:MEA b23 -1.196 1.300 -0.920 0.360 -3.136 1.039 
BD PnB:CAS50 b24 -0.434 0.882 -0.492 0.624 -1.579 1.254 
BE PnB: CAS30 b25 0.404 1.053 0.384 0.702 -2.357 1.024 
CD MEA:CAS50 b34 0.659 3.944 0.167 0.868 -3.877 8.789 
CE MEA:CAS30 b35 -8.034 3.692 -2.176 0.032 -11.077 0.781 
DE CAS30:CAS50 b45 0.914 1.264 0.723 0.471 -2.557 1.502 
 
Most of the variable interactions were found to be insignificant (P-value >0.05), 
therefore they do not have any effect on the smearing rating.  The standard 
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residuals were calculated and outliers were removed. Standard residuals greater 
than 2.5 were noted as outliers, for smearing there was one outlier. 
The insignificant interactions were then removed and the regression analysis was 
recalculated as indicated in Table 20. 
The final regression model fitted to the observed smearing data is given by: 
                                   
Where:   : Smearing Rating 
   to     are the estimated coefficients associated with each variable. 
   (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30)   
 
It is shown that there was a noteworthy change in the p-values, as there are now 
3 significant variables and 2 significant interactions.  
Table 20 Final Regression Data associated with smearing 
S
y
m
 
Components 
Sy
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 -0.683 0.357 -1.912 0.058 -1.391 0.024 
B PnB b2 -0.650 0.341 -1.904 0.059 -1.326 0.026 
C MEA b3 5.879 1.884 3.120 0.002 2.147 9.611 
D CAS50 b4 -0.698 0.343 -2.036 0.044 -1.377 -0.019 
E CAS30 b5 4.895 1.886 2.596 0.011 1.160 8.629 
S
y
m
 
Component 
Interactions 
Sy
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AB PM:PnB b12 0.235 0.113 2.080 0.040 0.011 0.458 
CE MEA:CAS30 b35 -6.912 2.557 -2.704 0.008 -11.975 -1.849 
 
The p-values for MEA, CAS50, CAS30, PM:PnB, and MEA:CAS30 associated 
with these coefficients were significantly small, therefore we can accept that 
these variables do have an effect on the response variable which is the smearing 
rating.  
The correlation coefficient is high for this model at R2 = 0.8928 i.e. 89.28% of the 
variations can be described by the predictive model. 
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The p-values for this regression analysis were validated by plotting the standard 
residuals associated with the smearing. 
Figure 20 Normal probability plot of the standard residuals associated with 
the regression model which describes smearing. 
 
As indicated in Figure 20 the standard residuals follow a normal distribution.  
Normally distributed data should be near to the straight line but scattered 
randomly around it. 
The ANOVA was used to validate the model and the F critical value was 
calculated to verify if the predicted model is valid. 
The ANOVA output as given by Microsoft Office Excel 2007 (Add In: Statistical 
Module) is shown in Addendum 4. 
The degrees of freedom in the numerator:    n1 = 7 
The degrees of freedom in the denominator:   n2 = 117 
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The F statistic for this analysis is 139.22 as indicated in Addendum 4 which is 
much greater than 4 times the F critical value from the F distribution table, which 
indicates that this model can be used as a predictive model. 
With the calculated predictive model and Microsoft Office Excel 2007 (Add In: 
Solver Module) application, a formulation was calculated to achieve the best 
smearing rating of 4.00 (No Smearing - None). The formulation is indicated in 
table 21. 
Table 21 Formulation for Smearing Rating derived from prediction model 
Components Abbr. Weight (g) 
De-ionised Water DI Water 91.01 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 4.18 
Propylene Glycol n-butyl Ether PnB 3.60 
Monoethanolamine MEA 1.01 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.10 
Lauryl dimethyl betaine CAS30 0.10 
Smearing rating = 4.00 (None) 
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CHAPTER 4 
EXPERIMENTAL RESULTS FOR SURFACE TENSION AND 
FOGGING EVALUATION 
The surface tensions of each formulation were measured using a tensiometer as 
described in Chapter 2, whereas the fogging evaluation was done using a rating 
table and human judges, also described in Chapter 2. The results of each set of 
tests were recorded and regression analysis of the data was completed. 
4.1 Regression Analysis of Surface Tension Measurements 
The initial regression analysis of the surface tension measurements was 
completed using all 5 components as well as the component interactions.   
The initial regression model fitted to the observed surface tension data is given 
by: 
                                                    
                               
Where:   : Surface Tension Measurement 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
As indicated in Table 22 there were 4 variables and 4 variable interactions that 
were found to be significant (p-value<0.05). There were 4 synergistic and 4 
antagonistic interactions in this model. 
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Table 22 Initial Regression Data associated with Surface tension data. 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 2.853 1.040 2.743 0.021 0.535 5.171 
B PnB b2 5.752 1.076 5.345 3.26E-04 3.354 8.149 
C MEA b3 17.587 6.964 2.526 0.030 2.071 33.103 
D CAS50 b4 2.790 5.195 0.537 0.603 -8.785 14.364 
E CAS30 b5 22.483 6.546 3.434 0.006 7.897 37.070 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AB PM:PnB b12 0.000 0.140 0.001 0.999 -0.311 0.312 
AC PM:MEA b13 -0.357 2.330 -0.153 0.881 -5.548 4.835 
AD PM:CAS50 b14 0.201 0.859 0.235 0.819 -1.712 2.115 
AE PM:CAS30 b15 -2.678 1.019 -2.628 0.025 -4.949 -0.407 
BC PnB:MEA b23 -4.746 1.282 -3.701 0.004 -7.603 -1.889 
BD PnB:CAS50 b24 0.228 0.870 0.263 0.798 -1.709 2.166 
BE PnB: CAS30 b25 -2.990 1.038 -2.880 0.016 -5.303 -0.677 
CD MEA:CAS50 b34 -1.865 3.889 -0.479 0.642 -10.531 6.801 
CE MEA:CAS30 b35 -10.012 3.641 -2.750 0.020 -18.125 -1.899 
DE CAS30:CAS50 b45 -2.586 1.246 -2.075 0.065 -5.362 0.191 
 
Most of the interactions were found to be insignificant (P-value >0.05), therefore 
they do not have any effect on the surface tension measurement.  The standard 
residuals were calculated and no outliers were removed. Standard residuals 
greater than 2.5 were noted as outlier. 
The insignificant interactions were then removed and the regression analysis was 
recalculated as indicated in Table 23.   
It is shown that there was a noteworthy change in the p-values, as there are now 
10 significant variables  
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Table 23 Final Regression Data associated with surface tension 
measurements 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 2.395 0.421 5.684 3.39E-05 1.501 3.288 
B PnB b2 5.975 0.855 6.992 3.04E-06 4.164 7.787 
C MEA b3 18.605 2.656 7.005 2.97E-06 12.975 24.236 
D CAS50 b4 1.536 0.524 2.932 9.77E-03 0.425 2.646 
E CAS30 b5 18.407 2.744 6.707 5.04E-06 12.589 24.224 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AE PM:CAS30 b15 -0.962 0.396 -2.430 2.73E-02 -1.801 -0.123 
BC PnB:MEA b23 -5.207 1.307 -3.984 1.07E-03 -7.978 -2.437 
BE PnB: CAS30 b25 -1.285 0.384 -3.349 4.08E-03 -2.099 -0.472 
CE MEA:CAS30 b35 -14.759 2.893 -5.102 1.06E-04 -20.891 -8.627 
 
It is shown that there was a noteworthy change in the p-values, as there are now 
9 significant variables  
The final regression model fitted to the observed surface tension data is given by: 
                                               
Where:   : Surface Tension Measurement 
   to     are the estimated coefficients associated with each variable. 
   (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
 
The correlation coefficient is extremely high for this model at R2 = 0.9999 i.e. 
99.99% of the variations can be described by the predictive model. 
The p-values for this regression analysis were validated by plotting the standard 
residuals associated with the surface tension. 
As indicated in Figure 21 the standard residuals follow a normal distribution.  
Normally distributed data should be near to the straight line but scattered 
randomly around it. 
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The ANOVA was used to validate the model and the F critical value was 
calculated to verify if the predictive model is valid. 
The ANOVA output as given by Microsoft Office Excel 2007 (Add In: Statistical 
Module) is shown in Addendum 4. 
Figure 21 Normal probability plot of the standard residuals associated with 
the regression model which describes surface tension measurement. 
 
The degrees of freedom in the numerator:    n1 = 9 
The degrees of freedom in the denominator:   n2 = 6 
The F statistic for this analysis is 11761.53 as indicated in Addendum 4 which is 
much greater than the F critical value from the F distribution table, which 
indicates that this model can be used as a predictive model.  
The predictive model derived from the regression analysis is found to be valid. 
With the calculated prediction model and Microsoft Office Excel 2007 (Add In: 
Solver Module) application, a formulation was calculated to achieve the lowest 
surface tension measurement rating of 20.97. The formulation is indicated in 
table 24. 
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Table 24 Formulation for Lowest surface tension measurement derived 
from prediction model 
Components Abbr. Weight (g) 
De-ionised Water DI Water 91.55 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 1.00 
Propylene Glycol n-butyl Ether PnB 4.03 
Monoethanolamine MEA 1.01 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.10 
Lauryl dimethyl betaine CAS30 1.23 
Surface tension measurement = 20.97 
4.2 Regression Analysis of Hot Fog Test Data 
The initial regression analysis of the anti-fogging data was completed using all 5 
components as well as their interactions.   
The initial regression model fitted to the observed fogging data is given by: 
                                                    
                               
Where:    : Fogging Rating 
   to     are the estimated coefficients associated with each variable. 
 (A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
As indicated in Table 25 there was 1 significant variable and 2 interactions that 
were found to be significant (p-value<0.05). Two of these were synergistic 
(positive coefficient) and one was antagonistic (negative coefficient) towards the 
fogging. 
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Table 25 Initial Regression Data associated with fogging data 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 0.117 1.030 0.113 0.910 -1.943 2.177 
B PnB b2 2.198 1.065 2.063 0.043 0.067 4.329 
C MEA b3 -12.472 6.894 -1.809 0.075 -26.261 1.317 
D CAS50 b4 3.434 5.142 0.668 0.507 -6.853 13.720 
E CAS30 b5 -5.334 6.481 -0.823 0.414 -18.297 7.629 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
AB PM:PnB b12 -0.305 0.138 -2.201 0.032 -0.582 -0.028 
AC PM:MEA b13 3.330 2.307 1.444 0.154 -1.284 7.943 
AD PM:CAS50 b14 0.141 0.850 0.166 0.869 -1.559 1.842 
AE PM:CAS30 b15 -0.159 1.009 -0.157 0.875 -2.177 1.859 
BC PnB:MEA b23 0.221 1.269 0.174 0.862 -2.318 2.760 
BD PnB:CAS50 b24 -0.215 0.861 -0.250 0.803 -1.938 1.507 
BE PnB: CAS30 b25 0.458 1.028 0.445 0.658 -1.598 2.514 
CD MEA:CAS50 b34 -1.132 3.850 -0.294 0.770 -8.834 6.569 
CE MEA:CAS30 b35 8.009 3.605 2.222 0.030 0.799 15.219 
DE CAS30:CAS50 b45 -0.454 1.234 -0.368 0.714 -2.921 2.014 
 
Most of the component interactions were found to be insignificant (P-value 
>0.05), therefore they do not have any effect on the fogging rating.  The standard 
residuals were calculated and 3 outliers were removed. Standard residuals 
greater than 2.5 were noted as outliers. 
The insignificant interactions were then removed and the regression analysis was 
recalculated as indicated in Table 26.  It is shown that there was a change in the 
p-values, as there are 2 significant variables and one significant interaction. 
Table 26 Final Regression Data associated with fogging data 
S
y
m
 
Components 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
A PM b1 0.985 0.311 3.170 0.002 0.733 1.737 
B PnB b2 0.693 0.286 2.427 0.018 0.557 1.491 
C MEA b3 -2.535 1.952 -1.298 0.198 -7.697 -1.345 
D CAS50 b4 0.623 0.381 1.636 0.106 0.056 1.273 
E CAS30 b5 -3.549 2.028 -1.750 0.085 -8.725 -2.148 
S
y
m
 
Component 
Interactions 
S
y
m
 
Estimated 
Coefficients 
Std 
Error 
t Stat P-value 
Lower 
95% 
Upper 
95% 
CE MEA:CAS30 b35 4.612 2.743 1.681 0.097 3.058 11.998 
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The final regression model fitted to the observed fogging data is given by: 
                             
Where:    : Fogging Rating 
   to     are the estimated coefficients associated with each variable. 
(A = PM; B = PnB; C = MEA; D = CAS50; E = CAS30) 
 
The correlation coefficient is very high for this model at R2 = 0.9368 i.e. 93.68% of 
the variations can be described by the predictive model. 
The p-values for this regression analysis were validated by plotting the standard 
residuals associated with the anti-fogging data. 
As indicated in Figure 22 the standard residuals follow a normal distribution.  
Normally distributed data should be near to the straight line but scattered 
randomly around it. 
Figure 22 Normal probability plot of the standard residuals associated with 
the regression model which describes anti-fogging data 
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The ANOVA was used to validate the model and the F critical value was 
calculated to verify if the predictive model is valid. 
The ANOVA output as given by Microsoft Office Excel 2007 (Add In: Statistical 
Module) is shown in Addendum 4. 
The degrees of freedom in the numerator:    n1 = 6 
The degrees of freedom in the denominator:   n2 = 69 
The F statistic for this analysis is 118.07 as indicated in Addendum 4 which is 
much greater than 4 times the F critical value from the F distribution table, which 
indicates that this model can be used as a predictive model.  
The predicted model derived from the regression analysis was found to be valid. 
With the calculated prediction model and Microsoft Office Excel 2007 (Add In: 
Solver Module) application, a formulation was calculated to achieve the best anti-
fogging rating of 4.00 (No fogging - None). The formulation is indicated in table 
27. 
Table 27 Formulation for Fogging Rating = 4.00 derived from prediction 
model 
Components Abbr. Weight (g) 
De-ionised Water DI Water 89.64 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 3.80 
Propylene Glycol n-butyl Ether PnB 2.20 
Monoethanolamine MEA 0.75 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.88 
Lauryl dimethyl betaine CAS30 0.15 
Fogging Rating = 4.00 (None) 
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CHAPTER 5 
PREDICTIVE MODEL AND OPTIMIZED FORMULATION 
For each required criterion of the automotive glass cleaner formulation, viz, best 
cleaning, lowest streaking, lowest smearing, lowest surface tension and best anti-
fogging, a predictive formula was calculated. All the statistical data was validated 
as seen in Chapters 3 and 4.   
The results of all the evaluations conducted lead to 5 different predictive models 
with their respective coefficients as summarised in Table 28.   
Table 28 Summary Table of Predictive Model Coefficients 
Components Cleaning Streaking Smearing 
Surface 
Tension 
Fogging 
PM -0.529 0.588 -0.683 2.395 0.985 
PnB -0.483 0.320 -0.650 5.975 0.693 
MEA 4.153 19.099 5.879 18.605 -2.535 
CAS50 -0.383 -2.863 -0.698 1.536 0.623 
CAS30 6.037 -7.197 4.895 18.407 -3.549 
Component 
Interactions 
Cleaning Streaking Smearing 
Surface 
Tension 
Fogging 
PM:PnB 0.297   0.235     
PM:MEA   -3.938       
PM:CAS30   2.804   -0.962   
PnB:MEA   -3.491   -5.207   
PnB: CAS30   2.884   -1.285   
MEA:CAS30 -8.114 -9.728 -6.912 -14.759 4.612 
CAS30:CAS50   3.328       
 
Some interactions were synergistic which improved the criteria but there were 
also many antagonistic interactions.  Highest rating (viz 4) in the case of cleaning, 
smearing, streaking and fogging meant best conditions, viz, total soil removal, no 
smearing, no streaking, no fogging, thus positive coefficients in these cases are 
synergistic (i.e. have positive influence). For surface tension, a lower value is 
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desired, thus positive coefficients in this case means a negative influence on the 
surface tension (antagonistic). 
To allow for a compromised prediction formula that is able to consider all the 
criteria of this project, the different interactions needed to be investigated further.   
The effects (synergistic or antagonistic) of all the variables and variable 
interactions are compared in Table 29. 
Table 29 Summary of Interactions for all predicted models 
Variable 
Components 
Cleaning Streaking Smearing 
Surface 
Tension 
Fogging 
PM - + - - + 
PnB - + - - + 
MEA + + + - - 
CAS50 - - - - + 
CAS30 + - + - - 
PM:PnB + x + x x 
PM:MEA x - x x x 
PM:CAS30 x + x + x 
PnB:MEA x - x + x 
PnB: CAS30 x + x + x 
MEA:CAS30 - - - + + 
CAS30:CAS50 x + x x x 
      
Key 
     
Symbol Type of Interaction 
   
+ Synergistic 
   
- Antagonistic 
   
x Insignificant 
   
 
It must be noted that there are no variables or interactions which were synergistic 
for all 5 criteria.  In the case of some individual variables if the cleaning, smearing 
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or streaking coefficients were synergistic, then the fogging or surface tension 
coefficients were antagonistic, confirming the contradictory properties as stated in 
the Chapter 1.  
This can also be seen in Table 30 which is a summary of the best formulation for 
each criterion without considering any further properties. 
Table 30 Best formulation (% weight of each of the 5 variables) for each 
criterion 
Predicted 
Formula PM PnB MEA CAS50 CAS30 
Predicted 
Result 
Cleaning 3.39 3.54 1.01 0.10 0.10 4.00 
Coefficient -0.53 -0.48 4.15 -0.38 6.04   
Streaking 2.72 1.31 0.75 0.10 0.21 4.00 
Coefficient 0.59 0.32 19.10 -2.86 -7.20   
Smearing 4.18 3.60 1.01 0.10 0.10 4.00 
Coefficient -0.68 -0.65 5.88 -0.70 4.89   
Fogging 3.90 2.20 0.75 0.88 0.15 4.00 
Coefficient 0.99 0.69 -2.53 0.62 -3.55   
Surface 
Tension 
1.00 4.03 1.01 0.10 1.23 20.97 
Coefficient 2.39 5.98 18.61 1.54 18.41   
 
As can be seen from the table, both propylene glycols (i.e PM and PnB) have a 
negative effect on cleaning and smearing, yet the combination of the two 
ingredients in the formula has a positive (synergistic) effect. See Table 29.  They 
both have a positive effect on streaking and fogging, which probably indicates 
that some residue containing these ingredients remains behind on the glass 
which would help prevent fogging, but at the same time would cause some 
amount of streaking. The methyl ether is more hydrophilic than the butyl ether 
and shows a greater positive effect on the anti-fogging behaviour of the glass 
cleaner. 
The presence of monoethanolamine (MEA) has a significant effect on the 
cleaning, streaking and smearing but is not beneficial for anti-fogging properties.  
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The monoethanolamine has been found to be effective both as an alkalinity 
source and as a cleaning component.(29)  The monoethanolamine will create an 
alkaline environment for the betaine surfactant which will allow the surfactant to 
be in its zwitterionic form.  The surfactant has both a negative and positive 
charge and is considered effective for removal of oily and particulate soils with 
minimal streaking and smearing. 
The surfactant, cocopyl dimethyl hydroxy sulfopropylbetaine (CAS50), has a 
negative effect on cleaning, streaking and smearing but a positive effect on the 
anti-fogging properties. It is believed that the presence of the quaternary 
compound enhances the association of the amide tail of the amphoteric 
surfactant with the amphoteric cationic groupl of the glass surface, allowing the 
anionic portion of the amphoteric compound free to promote anti-fog activity by 
lowering of surface tension at the glass surface.. 
The second surfactant, lauryl dimethyl betaine (CAS30), is better for cleaning and 
smearing (positive coefficients) but is less effective at preventing streaking and 
fogging (negative coefficients). This surfactant has a smaller hydrophilic head 
group than the sulfopropylbetaine and this could be the reason for the worse anti-
fogging behaviour. Its larger proportion of hydrophobic character could contribute 
to its better soil removal and less smearing effect. 
The combination of the two surfactants (See Table 29) gives improved reduction 
of streaking but doesn’t have an effect on the cleaning and smearing or fogging. 
Considering the predictive model for surface tension, surprisingly, the individual 
components each contribute to larger surface tension values, however, the 
combination of CAS 30 with each of the glycols and the monoethanolamine lower 
the surface tension.  
The next step was to get a compromised single formulation that would satisfy 
each criterion.  This was accomplished with the assistance of Microsoft Office 
Excel 2007 (Add In: Solver Module) application, which allowed one to adjust 
formulations to achieve a required result.   
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Decision was made to rank the criterion i.e. decide what is the main objective of 
the glass cleaner.   
Priority ranking as follows: 
I. Cleaning  
II. Streaking 
III. Smearing 
IV. Fogging 
V. Surface Tension   
It was extremely difficult and time consuming to obtain a single formulation that 
would be able to satisfy all criteria efficiently and effectively.  This was due to the 
wide variety of combinations of the components. 
When considering the first 2 objectives which are cleaning and streaking, a good 
combination formulation is shown in Table 31 which predicts a cleaning rating of 
2.74 (moderate to good soil removal) and streaking rating of 3.92 (slight 
streaking).  
Table 31 Formulation for Cleaning and Streaking 
Components Abbr. Weight (g) 
De-ionised Water DI Water 89.64 
Isopropanol IPA 5.50 
Propylene Glycol Methyl Ether PM 3.00 
Propylene Glycol n-butyl Ether PnB 2.00 
Monoethanolamine MEA 0.60 
Cocopyl dimethyl hydroxy sulfopropylbetaine CAS50 0.40 
Lauryl dimethyl betaine CAS30 1.00 
The above formulation will achieve a smearing rating of 2.06 (moderate 
smearing) and a fogging rating of 2.29 (Moderate Fogging). 
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CONCLUDING REMARKS 
A predictive model was successfully obtained for each of the five criteria using 
the 25 formulations derived from the statistical design.  Each predictive model 
was statistically validated using regression data analysis. 
As indicated in Table 29 there were variables and variable interactions that were 
antagonistic for some of the criteria which were found to be synergistic for others. 
This presented a challenge when formulating a compromised formulation that 
would be able to satisfy all the different criteria.  
Due to the coefficients being contradictory achieving a formulation that would be 
able to satisfy all criteria effectively was extremely challenging.  There needed to 
be a balance between cleaning/streaking/smearing and the fogging criteria.  This 
was only obtained by ranking of the criteria and then optimising the formulation 
according to the prioritized criteria.  To achieve satisfactory cleaning, the fogging 
rating had to be compromised. 
SUGGESTED FUTURE WORK 
For possible future work the following needs to be investigated: 
a) Use a combination of three different glycol ethers  
I. Dowanol PnP - Propylene glycol n-propyl ether; 
II. Dowanol PM - Propylene glycol methyl ether; 
III. Dowanol PMB - Propylene glycol n-butyl ether 
DOWANOL™ PnP glycol ether is a glycol ether with an excellent balance 
of hydrophobic and hydrophilic character along with outstanding soil 
removal, fast evaporation and coupling properties. (30) 
The combination of the three glycol ethers could improve the cleaning as well 
as assist with anti-fogging characteristics. 
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ADDENDUMS 
Addendum 1 Test Method for Cleaning/Smearing/Streaking  (5) 
Scope  
This method is a laboratory test for evaluating glass cleaners for cleaning 
efficiency: 
1. Visually 
Summary of method 
Clean glass plates are soiled and then cleaned 
 Cleaning is rated in three areas, cleaning, streaking and smearing on a 4-
point scale. 
Apparatus 
 Straight Line Washability Apparatus 
 Plastic Spray bottles for formulation–HPDE 
 Plastic Trigger/Aerosol spray bottle for Soil 
 Lint-Free Wipes/Base fabric 
 Glass Plates (30cm x 30cm x 3mm) 
Materials 
 Mineral Oil 
 Clay  
 Palmitic acid  
 Stearic acid     
 Coconut oil     
 Paraffin wax     
 Olive oil     
 Oleic acid     
 Linoleic acid    
  Perchloroethylene 
 Mineral spirits 
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 Ethylene glycol monobutyl ether 
 Isopropanol 
 De-ionized Water 
Procedure 
1. Preparation of Glass Plates 
 The glass plates must be thoroughly cleaned before use and between uses.  
They should be scrubbed with base fabric in solvent baths in the order listed 
below: 
     a. Mineral Spirits 
     b. Glycol Monobutyl Ether 
     c. Isopropanol 
     d. Running De-ionized Water 
 After the water rinse, the glass plates should be dried with base fabric.   
To insure complete cleanliness of the plates, expose them to live steam.   
A white, highly reflective appearance is taken on by the glass in those areas not 
thoroughly clean.  
 In such cases, the glass plates should be exposed to the entire solvent cleaning 
procedure again. 
  2. Application of Soils 
The soils are applied using the hand held aerosol, with 5.5g ± 1.0g being applied 
to each clean pre-weighed glass plate.   
This calculates to about 0.0825g of actual soil per plate. 
Uniform application of the soils is accomplished by using a fairly slow sweeping 
motion over the glass. 
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3. Aging of the Soils 
The soiled glass plates must be aged at 50C for two hours, followed by cooling 
to ambient temperature, prior to application of the cleaners.   
 The contaminated glass plates are weighed using an analytical balance to 
determine the amount of soil added (i.e., initial weight). 
  4. Cleaning the Glass Plates 
a) Two grams of glass cleaner are applied uniformly over the exposed glass 
plate area using the spray bottle dispenser. 
b) The glass cleaner is allowed to penetrate the soiled area for one minute.   
c) The treated glass plate is centred and placed under the straighline 
washability machine equipped with the HPDE carrier.   
d) A piece of base fabric should be wrapped and secured around the carrier. 
e) The base fabric should be wrapped in such a way that its ends are along 
the side of the wood block, not along the cleaning area.   
f) Turn the straight-line washability machine for 10 cycles (20 strokes and 
continue wiping for an additional 10 cycles (20 strokes), 20 cycles total.  
g) Panel is to be removed and allowed to dry. 
h) Panels to be judged according the rating system. 
i)   Rating to be recorded in evaluation worksheet. 
Rating Table 
 Each side of the cleaned glass plate is rated for cleaning ability, streaking, and 
smearing tendency according to the following scales: 
  1. Cleaning 
4 = Total soil removal 
3 = Good soil removal 
2 = Moderate soil removal 
1 = Poor soil removal 
  2. Streaking 
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4 = None 
3 = Slight streaking 
2 = Moderate streaking 
1 = Severe streaking 
 
  3. Smearing 
4 = None 
3 = Slight smear 
2 = Moderate Smear 
1 = Severe Smear 
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Addendum 2 Test Method for Hot Fog Test (5) 
Scope  
This method is a laboratory test for evaluating glass cleaners for anti-fog 
properties: 
Visually/Photographic 
Summary of method 
Clean glass plates are soiled and then cleaned.  The glass cleaner is then 
sprayed on the panel and wiped off.  The glass plates are placed over a water 
bath to evaluate fogging effects. 
Procedure 
1. Preparation of Glass Plates 
The glass plates must be thoroughly cleaned before use and between uses.  
They should be scrubbed with base fabric in solvent baths in the order listed 
below: 
     a. Mineral Spirits 
     b. Glycol Monobutyl Ether 
     c. Isopropanol 
     d. Running Deionized Water 
  After the water rinse, the glass plates should be dried with base fabric cloth.   
To insure complete cleanliness of the plates, expose them to live steam.   
A white, highly reflective appearance is taken on by the glass in those areas not 
thoroughly clean.  
 In such cases, the glass plates should be exposed to the entire solvent cleaning 
procedure again. 
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2. Cleaning the Glass Plates 
  Two grams of glass cleaner are applied uniformly over the exposed glass plate 
area using the spray bottle. 
Glass Cleaner is wiped off the glass panel. 
3. The Hot “Fog “ Test 
a. Put 200ml of tap water in a 600ml beaker and place the beaker in a bath 
containing water at 60 °C. 
b. The sample panel is placed above the beaker as indicated in figure 1. 
c. Using accurate time, record any changes in the appearance of the glass panel 
for a period of 2 hrs. 
Figure 1 Apparatus Set up 
 
d. Observations should be made at time intervals of 10 minutes and 
comparisons made.  Photos are to be taken at each interval. 
e. Using the 60 minute interval - photos are to be evaluated by judges with 
assistance of an evaluation table. 
 
 
Water 
 
 
 
Water Bath 
60 degC 
 
 
Glass Panel with  
Cleaner 
Steam 
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Addendum 3 Paired T-test for cleaning/Streaking/Smearing 
Criteria - Cleaning 
t-Test: Paired Two Sample for 
Means 
  
   
  
Run  
1 
Run  
2 
Mean 1.89 1.84 
Variance 0.62 0.49 
Observations 125.00 125.00 
Pearson Correlation 0.11 
 Hypothesized Mean 
Difference 0.00 
 df 124.00 
 t Stat 0.54 
 P(T<=t) one-tail 0.29 
 t Critical one-tail 1.66 
 P(T<=t) two-tail 0.59 
 t Critical two-tail 1.98 
  
Criteria – Streaking 
t-Test: Paired Two Sample for 
Means 
  
   
  
Run 
1 
Run 
2 
Mean 2.22 1.97 
Variance 0.75 0.60 
Observations 125.00 125.00 
Pearson Correlation 0.11 
 Hypothesized Mean 
Difference 0.00 
 df 124.00 
 t Stat 2.53 
 P(T<=t) one-tail 0.01 
 t Critical one-tail 1.66 
 P(T<=t) two-tail 0.01 
 t Critical two-tail 1.98 
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Criteria – Smearing 
t-Test: Paired Two Sample for 
Means 
  
   
  
Run  
1 
Run  
2 
Mean 2.31 2.07 
Variance 0.91 0.60 
Observations 125.00 125.00 
Pearson Correlation 0.12 
 Hypothesized Mean 
Difference 0.00 
 df 124.00 
 t Stat 2.33 
 P(T<=t) one-tail 0.01 
 t Critical one-tail 1.66 
 P(T<=t) two-tail 0.02 
 t Critical two-tail 1.98 
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Addendum 4 Cleaning Rating Results 
Formulation 
Number 
Cleaning Results (Rating per Judge) 
1 (MB) 2 (TvR) 3 (NV) 4 (TB) 5 (FA) 
1 2 2 2 3 2 
2 1 2 2 1 1 
3 3 3 3 2 1 
4 3 3 2 2 1 
5 2 3 2 2 1 
6 2 1 3 3 2 
7 1 4 1 2 1 
8 1 1 1 1 1 
9 2 1 1 2 2 
10 2 2 1 2 1 
11 1 2 1 1 2 
12 1 3 1 1 1 
13 1 1 2 1 1 
14 2 3 2 2 2 
15 3 2 3 3 2 
16 3 1 2 2 2 
17 2 2 1 2 1 
18 2 1 1 2 1 
19 2 2 2 2 1 
20 2 2 2 2 1 
21 2 2 2 3 1 
22 2 1 2 2 2 
23 2 1 2 2 1 
24 2 3 3 3 2 
25 2 2 2 2 2 
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Addendum 5 Streaking Rating Results 
Formulation 
Number 
Streaking Results (Rating per Judge) 
1 (MB) 2 (TvR) 3 (NV) 4 (TB) 5 (FA) 
1 3 3 2 3 2 
2 3 2 2 1 1 
3 3 2 2 2 2 
4 3 3 3 2 2 
5 3 3 3 2 3 
6 4 4 3 2 3 
7 2 3 1 2 2 
8 1 1 1 1 1 
9 2 1 1 2 2 
10 2 2 1 1 1 
11 2 1 1 2 2 
12 1 3 1 1 1 
13 1 1 2 1 1 
14 2 4 2 1 2 
15 3 4 3 3 2 
16 2 1 2 2 2 
17 1 3 2 2 1 
18 2 2 2 2 2 
19 2 2 2 2 2 
20 1 1 2 1 2 
21 2 2 2 1 1 
22 3 1 2 2 3 
23 2 1 3 1 2 
24 2 3 2 2 3 
25 2 1 2 3 2 
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Addendum 6 Smearing Rating Results 
Formulation 
Number 
Smearing Results (Rating per Judge) 
1 (MB) 2 (TvR) 3 (NV) 4 (TB) 5 (FA) 
1 1 4 2 2 3 
2 2 3 3 2 1 
3 2 2 2 3 2 
4 3 2 2 2 2 
5 2 2 2 3 2 
6 2 3 3 3 4 
7 2 2 1 2 3 
8 1 2 1 2 2 
9 3 1 1 2 2 
10 3 3 1 1 1 
11 3 2 2 1 2 
12 1 3 1 2 1 
13 1 1 1 2 2 
14 2 4 2 2 2 
15 3 4 3 3 4 
16 3 2 2 3 2 
17 2 1 1 2 3 
18 2 1 1 2 2 
19 2 1 2 3 2 
20 2 2 2 1 2 
21 3 2 2 1 2 
22 2 1 3 2 2 
23 2 1 2 2 3 
24 2 3 3 3 3 
25 2 1 1 2 1 
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Addendum 7 Surface Tension Results 
Formulation 
Number 
Surface Tenstion 
Reading (mN/m) 
Temp (°C) 
Density 
(g/cm3) 
Temp (°C) 
1 25.4 25.4 0.991 15.9 
2 26.9 25.4 0.991 16.1 
3 25.5 25.3 0.991 16.0 
4 26.6 25.4 0.992 15.9 
5 24.9 25.3 0.991 16.0 
6 25.7 25.4 0.991 16.0 
7 26.8 25.4 0.991 15.8 
8 26.0 25.4 0.992 16.0 
9 25.2 25.3 0.991 15.9 
10 26.7 25.4 0.992 15.9 
11 26.8 25.4 0.991 15.9 
12 25.6 25.4 0.991 15.8 
13 25.2 25.3 0.991 15.9 
14 24.6 25.5 0.990 15.9 
15 26.1 25.3 0.991 15.9 
16 27.2 25.5 0.991 15.8 
17 25.2 25.3 0.991 15.8 
18 25.3 25.3 0.991 15.8 
19 27.0 25.1 0.992 15.7 
20 27.3 25.3 0.992 15.7 
21 27.3 25.4 0.991 15.8 
22 25.8 25.4 0.992 15.7 
23 24.8 25.4 0.991 15.7 
24 25.3 25.4 0.990 15.7 
25 25.5 25.3 0.991 15.7 
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Addendum 8 Regression Statistics & Anova Tables for experimental 
data 
Criteria – Cleaning 
Regression Statistics 
Multiple R 0.95 
R Square 0.90 
Adjusted R Square 0.89 
Standard Error 0.63 
Observations 124.00 
 
ANOVA 
     
  df SS MS F Significance F 
Regression 7.00 433.37 61.91 155.33 7.71E-56 
Residual 117.00 46.63 0.40 
  Total 124.00 480.00       
 
Criteria – Streaking 
Regression Statistics 
Multiple R 0.95 
R Square 0.90 
Adjusted R Square 0.88 
Standard Error 0.70 
Observations 124.00 
 
ANOVA 
     
  df SS MS F 
Significance 
F 
Regression 11.00 498.59 45.33 92.43 7.10E-51 
Residual 113.00 55.41 0.49 
  Total 124.00 554.00       
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Criteria – Smearing 
Regression Statistics 
Multiple R 0.94 
R Square 0.89 
Adjusted R Square 0.88 
Standard Error 0.74 
Observations 124.00 
 
ANOVA 
     
  df SS MS F 
Significance 
F 
Regression 7.00 537.47 76.78 139.22 2.27E-53 
Residual 117.00 64.53 0.55 
  Total 124.00 602.00       
 
Surface Tension  
Regression Statistics 
    Multiple R 0.9999 
    R Square 0.9998 
    Adjusted R Square 0.9373 
    Standard Error 0.3989 
    Observations 25.0000 
    
      
ANOVA 
       df SS MS F Significance F 
Regression 9.00 16847.28 1871.92 11761.53 3.33E-27 
Residual 16.00 2.55 0.16 
  Total 25.00 16849.83       
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Hot Fog Test 
Regression Statistics 
    Multiple R 0.97 
    R Square 0.94 
    Adjusted R Square 0.92 
    Standard Error 0.53 
    Observations 72.00 
    
      ANOVA 
     
  df SS MS F 
Significance 
F 
Regression 6.00 275.44 45.91 163.27 3.25E-37 
Residual 66.00 18.56 0.28 
  
Total 72.00 294.00       
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Addendum 9 Business Plan 
 
 
  
Development of a degreasing and anti-
fogging formulation for wet wipe 
application for automotive glass 
surfaces. 
by 
Tanya Bosch 
 
BUSINESS PLAN 
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1. EXECUTIVE SUMMARY 
The TRAFFIC WIPE, an invention that will revolutionize the glass cleaning 
business. This product will provide convenience as well as assist with visibility on 
the road, which will lead essentially to improved road safety.  
We are on the verge of entering a lucrative market in a growing country. Our 
primary goal will be to establish our existence in the market. 
We realise the fact that for us to prosper in this relatively untapped market, there 
is a need to be responsive and flexible, to delight our customers by providing 
them when they want it and with what they want.  
Our initial objective will be to provide glass wipes to local automotive 
manufacturers and then to country wide retailers. 
Our marketing strategy will be to ensure that our customers are well aware of our 
existence. Therefore our intention is to make the right information available to the 
right target customers. This will be done through implementing  well known 
market penetration strategies.  
Our products' prices will be favourable relative to our South African competitor’s 
prices, and the quality of our products will be appreciated by our potential 
customers. However, we will ensure that the prices we charge will also take into 
consideration the cost of production and distribution so as to ensure that we 
remain viable and operational. 
We aim to achieve the following: 
 Continuously provide high quality wet wipes on time and on budget. 
 Develop enthusiastically satisfied customers all of the time. 
 Ensure economical use of resources from capacity utilization, minimising 
inventory/stock and low cost, and high quality materials. 
 Contribute to our communities and our environment, considering social 
development. 
 Establish a presence in the market that will assure short-term and long-term 
profitability, growth as well as market share. 
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We project sales to increase from more than R268 762 in the first half of the year 
to more than R431 831 in the second half of the year. 
2. BUSINESS AND MANAGEMENT 
2.1 Mission Statement  
 To develop and formulate a wetting solution which will saturate a non-woven 
lint-free wipe specifically to cater for the extreme South African weather 
conditions.  
 The main application for this wet wipe is for automotive vehicle glass and 
mirrors.  Special characteristics of the wet wipe will be its degreasing and anti-
misting properties, without deterioration to rubber and plastic components. 
 The product to be presented in compact, convenient and re-sealable wet wipe 
packages for easy storage for all South African automotive drivers. 
 Traffic Wipes to be recognized as important tool for motorists to have at hand 
to ensure that their windscreens and mirror are clean with clear visibility and 
minimal glare = improved road safety. 
2.2 Objectives  
Profitability Objectives 
 To achieve a PROFIT within the first 12 months of production. 
 To achieve growing net returns on initial capital outlay over 18-24 month 
growth period. 
 Ideally growth should increase on an exponential basis : 
o If this graphical gradient does not be achieved projected revenue 
streams, situation to be investigated using statistical and analytical 
models to quantify problems and achievements. 
Market Share Objectives 
 Initially to introduce to the automotive related establishment i.e. car valet 
services, windscreen repair shops, panel beaters, car component suppliers, 
etc.  
o Obtaining 2 customers within 3 months of production.   
o Product could be for promotions or for resale. 
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 To gain one automotive manufacturing company to support the wet wipes as 
a marketing tool within 6 months of start-up of production of wipes. 
o Branded wet wipes, for example, are given as a free gift with each 
purchase of new or pre-owned vehicle. 
o Product could be promotional or for resale 
Promotional Objectives 
 To increase awareness of motorist concerning the dangers of a dirty 
windscreen interior.  
 Create website for promotional purposes before launch of product to get 
electronic market exposure.  
 Company representative will visit OEM/Dealer Principals/ Procurement 
personnel/ Car dealership owners.  
 Offer free samples for testing  
 Offer special branding for their company for a promotional launch or event.  
Objectives for Branding 
 To  make the windscreen wet wipe brand become known for the following : 
o Good quality wipe  
o Works well and is effective 
o Convenient with no fuss 
o Easily stored 
2.3 Legal structure and Shareholders 
The legal structure that will be registered is a closed corporation. 
There will only be 2 members, T Bosch and APPT (Pty) Ltd 
2.4 Key Professional Advisors 
Financial: D Robertson (PKF Auditors) 
Technical:  T Von Ruben (Chemsolved) 
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2.5 Management Structure 
 
3. FINANCIAL FORECASTS  
3.1 Start up costs 
Start-up costs cover the basic expenses to start up the production facilities as 
well as take in to consideration the first month’s wages and expenses. 
Start-up Assets 
Long Term Assets R 220 320.00 
Technology Costs R 24 271.30 
Initial Inventory R 146 529.57 
Total Start-up Assets R 391 120.87 
Start-up Expenses 
Professional Fees R 750.00 
Start up Cash R 50 000.00 
General Expenses R 5 099.00 
Sales & marketing R 14 500.00 
Wages R 18 640.00 
Total Start-up Expenses R 88 989.00 
  Total Start-up Expenditure R 480 109.87 
 
Assumptions: 
US Dollar exchange rate used is R9 to 1 USD. 
3.2 Supplier List for main items 
Manager 
Administration 
Deliveries 
Production 
Foreman 
Operator 1 
Machine Loading 
Operator 2 
Machine 
Offloading 
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Category Supplier 
Product 
Description 
Transport 
Payment 
Terms 
Chemicals Crest Chemicals Dowanol PM Road 30 days net 
  
Dowanol PnB Road 30 days net 
  
Monoethanolamine Road 30 days net 
  
Isopropanol Road 30 days net 
 
Croda 
Crodateric CAB30 
(210kg) 
Road 30 days net 
  
Crodateric CAS50 
(210kg) 
Road 30 days net 
Base Material 
Hanzhou Hotaru 
Sanitary Products 
Co. 
Nonwoven Fabric for 
wet wipes 
Sea 
Freight 
In Advance 
Packaging 
Material 
Colourful 
Packaging Limited 
Custom Printed 
Packaging bags 
(PET/PE) 
Sea 
Freight 
In Advance 
Wet Wipe 
machine 
Quanshou 
Dachang Paper 
Machinery Man. 
DC-200 Full 
Automatic 
Sea 
Freight 
In Advance 
 
3.3 Sales Forecast (12 Months) 
Projection is based on new customer sales figures released by NAAMSA for 
October 2012 as per marketing plan.  Starting with OEM’s in the Eastern Cape: 
VWSA, GMSA and then to the retailer in the latter part of the year.  
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3.4 Profit and Loss 
We are projecting very conservatively regarding sales forecasts and gross profits. 
Our cost of sales should be much lower and gross margin higher, than in this 
projection.   
We aim to cover our cost within the first year of production which can be seen in 
table below. 
Assumptions:   US Dollar exchange rate used is R9 to 1 USD. 
Cost Price/Pkt=R12.20  and Selling Price/Pkt=R20.13 
 
Values In Rands Month 1 
Month 
2 
Month 
3 
Month 
4 
Month 
5 
Month 
6 
Month 
7
Month 
8
Month 
9
Month 
10
Month 
11
Month 
12
Sales Revenue R 28 185 R 36 238 R 43 284 R 50 330 R 55 363 R 55 363 R 55 363 R 70 462 R 70 462 R 74 488 R 80 528 R 80 528
Cost of Sales R 17 082 R 21 962 R 26 233 R 30 503 R 33 553 R 33 553 R 33 553 R 42 704 R 42 704 R 45 144 R 48 805 R 48 805
Gross profit R 11 103 R 14 275 R 17 051 R 19 827 R 21 810 R 21 810 R 21 810 R 27 758 R 27 758 R 29 344 R 31 723 R 31 723
Indirect Expenses Month 1 
Month 
2 
Month 
3 
Month 
4 
Month 
5 
Month 
6 
Month 
7
Month 
8
Month 
9
Month 
10
Month 
11
Month 
12
Water & Electricity R 2 000 R 2 000 R 2 000 R 2 200 R 2 200 R 2 200 R 2 200 R 2 200 R 2 200 R 2 200 R 2 200 R 2 200
Rent R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300 R 3 300
Admin R 500 R 500 R 500 R 500 R 500 R 500 R 500 R 500 R 500 R 500 R 500 R 500
Office & equip rental R 100 R 100 R 100 R 100 R 100 R 100 R 100 R 100 R 100 R 100 R 100 R 100
Advertising  R 1 000 R 1 000
Marketing costs R 200 R 200 R 200 R 200 R 200 R 200 R 200 R 200 R 200 R 200 R 200 R 200
Total Indirect 
Expense 
R 7 100 R 6 100 R 6 100 R 6 300 R 6 300 R 7 300 R 6 300 R 6 300 R 6 300 R 6 300 R 6 300 R 6 300
Labour Expenses Month 1 
Month 
2 
Month 
3 
Month 
4 
Month 
5 
Month 
6 
Month 
7
Month 
8
Month 
9
Month 
10
Month 
11
Month 
12
Foreman R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500 R 7 500
Operator 1 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600
Operator 2 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600 R 3 600
Admin R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500 R 4 500
Delivery R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040 R 3 040
Total R 18 640 R 18 640 R 18 640 R 18 640 R 18 640 R 18 640 R 22 240 R 22 240 R 22 240 R 22 240 R 22 240 R 22 240
Net profit -14 637 -10 465 -7 689 -5 113 -3 130 -4 130 -6 730 -782 -782 804 3 183 3 183 
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3.5 Cash Flow 
Cash flow projects can be seen in table below. 
 
3.6 Key Performance Ratios 
Break Even point 2 626 per month 
Est. Monthly  Fixed 
Cost 
45 147 per month 
Selling Price 20.13 per unit 
Ave Variable cost 2.94 per unit 
    
Projected sales growth % 61% 
Sales 1st 6 Months 268 762 for 6 months 
Sales 2nd 6 Months 431 831 for 6 months 
        
    
Gross Profit %   39% 
Gross Profit 275 991 per annum 
Sales revenue 700 593 per annum 
  
CASH FLOW Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Month 8 Month 9 Month 10 Month 11 Month 12
INFLOW: 
Payment from Customers 28 185 36 238 43 284 50 330 55 363 55 363 55 363 70 462 70 462 74 488 80 528
Total INFLOW 28 185 36 238 43 284 50 330 55 363 55 363 55 363 70 462 70 462 74 488 80 528
OUTFLOW: 
Materials 80 352 44 011 12 744 13 611 27 642 15 240 30 234 27 004 110 665 19 751 32 905 15 530
Staff 18 640 18 640 18 640 18 640 18 640 18 640 22 240 22 240 22 240 22 240 22 240 22 240
Expenses 7 100 6 100 6 100 6 300 6 300 7 300 6 300 6 300 6 300 6 300 6 300 6 300
Total OUTFLOW 106 092 68 751 37 484 38 551 52 582 41 180 58 774 55 544 139 205 48 291 61 445 44 070
Monthly Movement  -106 092 -40 566 -1 246 4 733 -2 252 14 183 -3 411 -181 -68 743 22 171 13 044 36 458 
Opening bank 215 170 109 078 68 512 67 266 71 998 69 746 83 929 80 518 80 337 11 594 33 765 46 809
Closing bank 109 078 68 512 67 266 71 998 69 746 83 929 80 518 80 337 11 594 33 765 46 809 83 266
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Net Profit %   -7% 
Net Profit before tax -46 289 per annum (1
st
 Yr) 
Sales revenue 700 593 per annum 
    
Quick Ratio 3.35 : 1 
Bank Balance 83 266 at yr end 
Debtors 
 
80 528 at yr end 
Current Liabilities 48 890 at yr end 
 
3.7 Funding Required 
The main funding required will be for the set-up of the manufacturing process as 
well as the purchase of all raw materials.  The amount of R480 109 will be 
required.  The funding will be requested from APPT (Pty) Ltd who will then hold 
50% membership in the closed corporation. 
4. MARKETS AND COMPETITION 
4.1 Strategic Focus for product 
4.1.1 SWOT Analysis 
 
In SWOT, strengths and weaknesses are internal factors. 
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STRENGTHS 
 An improved product with anti-fogging and degreasing properties 
 Good knowledge and experience with OEM  
 Custom branding and packaging 
 Ability to manufacture to specific customer needs. 
WEAKNESS 
 Lack of marketing expertise. 
 Similar products available, windscreen wipe – Clicks and other glass 
wipes. 
 Location of the business in PE – major markets other major city 
centres. 
 Lack of ability to penetrate retailers due to lack of country wide footprint 
– need for merchandiser. 
In SWOT, opportunities and threats are external factors. 
OPPORTUNITY 
This is a developing market, wet wipe are convenient and becoming far 
more utilized for many other applications. 
 Not many competitors in South Africa. 
 Demand for a good quality wipe, but yet economical. 
THREATS 
 Competitors have superior access to channels of distribution. 
 Import market is very strong and very economical, especially from the 
east where there are the fastest growing non-woven manufacturers. 
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4.1.2. PEST (the external issues) / Competitive Environment  
 
 
POLITICAL 
 SEDA – Small Enterprise Development Agencies (Financial Support) 
which could provide assistance with production of product 
 HSE and Environments could affect production – due to chemicals and 
solvents being utilized. 
 BBBEE – EME (>5mio turnover), your rating could affect your market 
potential w.r.t. customers BBBEE minimum requirements for their 
suppliers. 
ECONOMICAL 
 Exchange rate related – nonwoven fabric imported and price reliant on 
exchange rate performance  
 Recession will affect as this does not fall very low on Maslow’s 
Hierarchy. 
 Automotive markets (industry factors) i.e. interest rate and fuel price 
will influence sales of vehicles. 
SOCIAL 
 Demographics which affects the demand – Age group of persons 
buying vehicles 
 Consumer buying patterns - Social forces affect our attitudes, interests 
and opinions. 
P 
• POLITICAL 
E 
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 Convenience to drivers and passengers – visibility improved which will 
then interpret into improved safety. 
 Wet wipes are being utilized far more than in previous times, emphasis 
placed on cleanliness and convenience – markets are growing steadily 
for new applications for wet wipes. 
TECHNOLOGICAL 
 Communication has advanced at such a rate which will assist greatly 
with marketing as well as be a threat – the use of internet and 
television i.e. improved effectiveness of company's advertising, 
marketing and promotional programs. 
 Competing technology development – replacement products 
 Replacement technology and cleaning solutions 
o Innovation potential. 
4.1.3. Market Product Focus – 4P’s 
 
Product Strategy  
 Product Quality 
a. Industry Standards – MSDS (Material Safety Data Sheet) and 
health issues due to solvent being used. 
b. Consistency for a high quality and performance product with a 
quality control system – ISO9000. 
c. Environmental Concerns – disposal and handling of hazardous 
chemicals 
 Form 
a. Non-woven wet wipe impregnated with developed formulation. 
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b. In future, formulation may vary dependant on customer 
requirements. 
 Packaging 
a. Re-sealable packaging for easy removal of wipe and resealing of 
package. 
b. Convenient and compact, fit into interior of automobiles – glove 
boxes or parcel racks. 
Place - Target Markets  
1. Potential customers within the market segments. 
 
Price Strategy  
1. Price comparisons are to be done on current products in the South African 
Markets. 
2. Product price will also depend on my market research, i.e. if the need is in 
luxury vehicles only – price may be set higher to create a perceived luxury 
item. Or if required in all vehicles product price to be competitive with 
current products but slightly less initially to launch product. 
MARKET 
Segments 
Primary 
•Automotive 
Manufacturer 
•Local OEM’s 
(Eastern Cape) 
•Other SA OEM’s 
(PTA & DBN) 
•Import OEM’s 
•Car Dealerships 
•Luxury Models 
•Family Models 
Secondary 
•Valet  Services 
•Specialized & 
upmarket – with 
complete Valet 
Service 
•Franchise car 
wash 
•General Car 
washes 
Minor 
•Retail Markets 
•Luxury Brand 
retailer 
•Speciality motor 
accessory  
retailers 
•General 
Retailers 
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3. If volume demand is high, discounts need to be considered. 
 
Promotion Strategy  
1. Initially, this will be done on a one-on-one basis.   
a. Company representative will visit OEM (Automotive 
manufacturers)/Dealer Principals/ Procurement  
personnel/Buyers/Car dealership owners 
b. Offer samples for testing 
c. Offer special branding for their company or even if they have a 
promotional launch or event 
2. Website will be developed, to give the product electronic exposure.  
Emails to be sent out introducing companies to our products and our 
website.  Website to have the ability to request free samples for testing or 
even just feedback. 
3. Registering of website with all big search engines for e.g. Google, ananzi, 
etc.  Registering with many automotive associations for advertising. 
4. In future, having a stand at an automotive show which will then promote 
the product and the service of specially formulated wipes. 
5. COMPETITIVE BUSINESS STRATEGY 
5.1 Competitor Analysis  
5.1.1 What are the weaknesses of their products and services? 
 Limited or no anti- fogging properties 
 Specialising in cosmetic and hygiene wipes not really industrial applications. 
5.1.2 How do you plan to compete?  
 Superior quality cleaning solution 
 Lower costs which will interpret to economical pricing 
 Local raw materials 
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5.1.3 How are you uniquely suited to compete with them? 
 Local formulation with technical knowledge to cater to specific customer and 
market requirements 
 Improved shelf life 
 Flexibility to change formulation at short notice may any problems be 
encountered 
5.1.4 What customer needs and preferences are you competing to meet?  
 Cleaning of glass surfaces 
 Degreasing and anti-fogging wipe  
 Convenient re-sealable packaging 
5.1.5 What are the similarities and differences between their 
products/services and yours?  
 Degreasing properties 
 Anti-streaking properties 
 Re-sealable packaging 
 Non-woven Wipe 
5.2 Competitor Environment 
5.2.1 Competitors 
 Direct competitors are local manufacturer as well as importers of glass wet 
wipes. 
 There are not many local manufactures of wet wipes but many manufacturers 
overseas.   
 Two main local manufacturers were found  
o Joypack Manufacturers and  
o Unsgaard Packaging who will custom manufacture 
 There are many distributors & wholesalers who import wet wipes and 
distribute to retailers but mostly for hygiene and cosmetic purposes 
5.2.2 Indirect Competitors 
Indirect competitors are general glass cleaner manufacturers who produce in 
spray bottles and other semi permanent glass treatments – anti-fog film etc 
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6. PRODUCTS AND SERVICES 
6.1 Product Description and Technology 
Glass cleaner for windscreens and mirrors in a convenient packaging allowing for 
easy storage and removal.  Package will be re-sealable for extended life span. 
Low linting wipes will be loaded with a specially formulated cleaning solution to 
prevent fogging and with good degreasing properties. 
Base Material Description 
 Low linting and anti-static – no shedding of fibres and does not cause 
static which could result in the attraction of dirt/fibres from the atmosphere 
or surrounding environment. 
 Disposable Non-woven wipe – throw away shortly after use 
 Very good absorbency – dependant on loading of cleaning solution 
 Absorbs water and oils with ease – removal of contamination as well as 
ability to absorb cleaning solution effectively. 
 Solvent Resistant – no deterioration of wipe which could result in fibres 
 Colour Fast – no colour staining if used near colour surfaces 
 Non-scratch – does not dull mirror or glass surfaces 
 Economical as it is being used as a purely disposable wipe 
Cleaning Solution Description 
 Generally contain surfactants and solvents that adhere to the glass 
surface and lift away dirt and grime, providing shiny surfaces and extra 
sparkle.   
 Sometimes they even have fragrances for a pleasant aroma. 
 Anti-streaking and degreasing 
 Anti-fogging 
 Good evaporation ability  
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6.2 Unique Sales Proposal (USP) 
Speciality wet-wipe for use in SA conditions, for degreasing of mirrors and 
windows with an anti-misting agent.  
The pre-saturated wipes are packaged in very user-friendly containers. The 
container can be opened, a wipe can be dispensed, and the container can be 
closed all with the same hand. There are no long stringy fibres hanging off the 
edge as there are in round canister-type packages where rolls are perforated.  
Product is to be in compact and convenient packaging and able to be branded for 
a specific purpose for e.g. as a free gift with a purchase of a vehicle or a full valet 
service. 
7. PRODUCTION AND SERVICE SUPPLY 
7.1 The Manufacturing Process  
The production system is fully automated.  The glass cleaning solution is loaded 
into the stainless steel vat and the roll of raw non-woven fabric is inserted as 
required.  The system requires 2 operators to run, 1 operator for loading and 
operating of machine and the other to do visual quality checks and packing. 
The basic process can be seen below. 
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7.2 Facilities and Equipment 
7.2.1 Premises Requirement 
A commercial property is required for the production facility with some warehouse 
space. 
Basic Requirement: 
Description Amount 
Building Size 200m2 
Rental per m2 R20 /m2 
Monthly Rental (m2) R4400 / month 
Extra’s 
1 x Small Office 
1 x Kitchenette 
1 x Toilet 
 
7.2.2 Equipment Requirement 
 
Wet Wipe Machine (Full Automatic). 
The machine required is a fully automated wet tissue making and packing 
machine.  This machine is controlled by a colour touch screen and therefore 
requires minimum supervision. 
Main Technical Parameter of a DC-
200   
Power supply: 380V 50HZ 
Power:  6KW 
Suitable raw material: air laid paper, Spunlace Nonwoven 
Weight of raw material: 40-80g /m2 
Size of raw material: 150-200, Φ1000 
Wet tissue unfolded size(mm): (160~260)*(150~200)(L*W) 
Wet tissue folded size(mm):Wet 
tissue folded size(mm): 
(80~130)*(50~80)(L*W) 
Packing film: OPP/PE, PET/PE 
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Control system: 
colour touching screen, PLC control 
system 
Production speed: 100~150pcs/min  
Net Weight of machine(kg): 1500kg 
Size of machine:4700*900*1650mm(L*W*H) 
7.2.3 Sources of  Supply 
Category Supplier 
Product 
Description 
Transport 
Payment 
Terms 
Chemicals Crest Chemicals Dowanol PM  Road 30 days net 
    Dowanol PnB  Road 30 days net 
    Monoethanolamine  Road 30 days net 
    Isopropanol Road 30 days net 
  Croda 
Crodateric CAB30 
(210kg) 
Road 30 days net 
    
Crodateric CAS50 
(210kg) 
Road 30 days net 
Base Material 
Hanzhou Hotaru 
Sanitary Products 
Co. 
Nonwoven Fabric for 
wet wipes 
Sea Freight In Advance 
Packaging 
Material 
Colourful 
Packaging 
Limited 
Custom Printed 
Packaging bags 
(PET/PE) 
Sea Freight In Advance 
Wet Wipe 
machine 
Quanshou 
Dachang Paper 
Machinery Man. 
DC-200 Full Automatic Sea Freight In Advance 
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7.2.4. Quality Control 
The basic requirement is to strive for is as follows: 
 TS 16949 certified 
• Quality Plans and APQP in place 
• Procedures and SOPS’s  
• Training records, Etc 
 ISO 14000 certified 
• Environmental Plans and Procedures 
• Waste handling and removal. 
 
 
8. PEOPLE 
8.1 People Requirements  
The people requirement to operate the production facility will be as follows: 
Requirement Position Basic Duties 
Staff Manager  Develop &  track monthly production & budget plans  
 Effective delegation of human and material resources 
to accomplish production and budget plans.  
 Be responsible for hiring and firing of employees  
 Motivate, communicate, guide and encourage 
employees. 
 Ensure that the company procedures are followed.  
 Ensure product quality 
 Administrator  General administrative duties 
 Liaise with customers 
 Update the quality performance charts 
 Track and update budgets 
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 Driver  Deliver products on time to the correct customers as 
per delivery schedule. 
 Collection of raw materials from suppliers 
 Weekly maintenance checks on delivery vehicle as per 
schedule.  
 
 Factory 
Foreman 
 Ensure that the standard operating procedures are 
followed 
 Assist operators with problem solving 
 Ensure that the production plan is adhered to 
 Track daily production vs. Plan 
 Any other duties as delegated by Production Manager 
Operator Operator 1 &2  Follow the standard operating procedure 
 Inform foreman of any machine problems 
 Ensure product quality 
 Any other duties as delegated by production foreman 
9. BUSINESS CONTROL 
9.1 Financial Systems 
Pastel Accounting system (Express 2007) will be used for the following: 
 Payroll 
 Invoice/Delivery notes 
 Inventory Control 
 Accounting Reports – Income statements, Balance Sheets, Cash Flow, 
Creditor and Debtor Age Analysis, General Ledgers 
 
 
